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I. INTRODUCTION

There is uncertainty about whether women older than age 65 should undergo screening

mammography. Although screening mammography may benefit some elderly women through the detection of
early breast cancers, it may potentially harm other women through false positive diagnoses and the detection
and surgical treatment of clinically insignificant lesions. Further it is not known how the use of mammography
and breast cancer outcomes varies by demographic factors such as race and ethnicity. The research designed
in this proposal was targeted to try to understand the balance between benefit and harm associated with
mammography screening. Much of the research involved the design and implementation of data analyses of
data from the Center for Medicaid and Medicare Services, data from the National Surveillance Epidemiology
and End Results (SEER) program and data from the NCI funded Breast Cancer Surveillance System.
Additional related projects were focused on assessing the quality of mammography and the outcomes
associated with mammographic screening.

Il. BODY

The success on each task outlined in the Statement of Work (SOW) is provided below. The manuscripts are
numbered in consecutive order, and these same numbers are used throughout this final progress report.

SOW #1: Obtain Health Care Financing Administration and SEER tumor registry data for the study period and
perform data cleaning. Tasks completed during years 1 and 2.

SOW #2: Detailed study design and project development for Specific Aim #1, completed year 2.

SOW #3 Validate that Medicare billing claims can be used to determine mammographic screening history
among elderly women. Project completed years 2-5. We found billing claims are accurate for assessment of
mammography screening in comparison to data prospectively collected in a mammography registry. Please
see attached manuscript for details

(#1) Smith-Bindman R, Quale C, Chu PW, et al. Can Medicare Billing Claims Data Be Used to Assess
Mammography Utilization Among Women Age 65 and Older._Medical Care 2006 May;44(5):463-70

SOW #4: Evaluate breast cancer treatments as it varies by race, ethnicity and mammographic screening,
several projects completed years 2-5. Please see attached manuscripts for details. In summary, utilization of
screening mammography is lower than

suggested by self report and there are substantial differences by age, race/ethnicity in the use of screening
mammography (#2); there are substantial differences in the adequacy of breast cancer treatment by age, race
and ethnicity with older and minority women more likely to have inadequate care (#3) , and the use of
screening mammography explains a substantial amount of the differences in breast cancer outcomes that have
been seen by age, race and ethnicity (#4). The last manuscript was made available on the DOD web site.

(#2) Kagay C, Quale C, Smith-Bindman R. Mammography Use Among the American Elderly,” Am J Prev Med
2006 Aug; 31(2):142-9.

(#3) Haggstrom DA, Quale C, Smith-Bindman R. Differences in the Quality of Breast Cancer Care Among
Vulnerable Populations. Cancer. 2005 Dec 1; 104(11): 2347-58

(#4) Smith-Bindman R, Miglioretti D, Lurie N, Abraham L, et al. Does Utilization of Screening Mammography
Explain Racial and Ethnic Differences in Breast Cancer? Ann Intern Med, 2006 Apr18; 144(8): 541-53.




5

SOW: #5: Evaluate breast cancer tumor attributes by mammographic screening. Completed year 5. We found
that tumors found by screening tend to be smaller and of lower stage, and the racial and ethnic differences in
tumor characteristics at diagnosis are largely the result of differences in screening.

(#4) Smith-Bindman R, Miglioretti D, Lurie N, Abraham L, et al. Does Utilization of Screening Mammography
Explain Racial and Ethnic Differences in Breast Cancer? Ann Intern Med, 2006 Apr18; 144(8): 541-53.

SOW #6 and SOW #7: Evaluate outcomes of breast cancer (including survival and mortality) by race and
ethnicity, use of screening mammography, breast cancer treatment, and co-morbidities. Measures of co-
morbidity needed to be developed as part of these SOWs. Several measures of co-morbidity were developed
and tested during years 4 and 5, and these results included in the manuscripts below (#2, #3, #5). Please see
attached manuscripts for details. We have submitted to Cancer the results describing the multivariate analysis
of factors that contribute to breast cancer survival, and the differences by race and ethnicity (#5). In summary,
breast cancer screening, treatment, and biology all contribute to outcomes in approximately equal measure.
Although breast cancer survival is substantially lower among African American women, after adjusting for
these factors, the differences (among all stage breast cancer) are no longer present. Please see attached
manuscripts for more details.

(#2) Kagay C, Quale C, Smith-Bindman R. Mammography Use Among the American Elderly,” Am J Prev Med
2006 Aug; 31(2): 142-9.

(#3) Haggstrom DA, Quale C, Smith-Bindman R. Differences in the Quality of Breast Cancer Care Among
Vulnerable Populations. Cancer. 2005 Dec 1; 104(11): 2347-58

(#5) Curtis E, Quale C, Haggstrom D, Smith-Bindman R. Racial and Ethnic Differences in Breast Cancer
Survival: How Much Is Explained By Screening, Tumor Severity, Biology, Treatment, Co-morbidities and
Demographics? Submitted to Cancer, included as attachment

Additional Related Work

The general area of research was to try to document the benefits and harms associated with screening
mammography. Several related projects were completed with the DOD support that allowed Dr. Smith-
Bindman to assess the quality of mammography. The support of the DOD was acknowledged in each of these
publications

(#6) US-UK Comparison of Screening Mammography." Smith-Bindman R, Chu PW, Miglioretti DL, Sickles EA,
Blanks R, Ballard-Barbash R, Bobo JK, Lee NC, Wallis MG, Patnick J, Kerlikowske K. JAMA 2003 QOct 22;
290(16): 2129-37

(#7) Smith-Bindman R, Ballard-Barbash R, Miglioretti D, Patnick J, Kerlikowske K. Comparing the
Performance of Mammography Screening in the United States and the United Kingdom. J Med Screen
2005 12(1): 50-54.

(#8) Smith-Bindman R, Chu PW, Miglioretti D, Quale C, et al. Physician Predictors of Mammographic
Accuracy.
J Natl Cancer Inst 2005; 97:358-67.




lll. KEY RESEARCH ACCOMPLISHMENTS

A. Determined that Medicare billing claims can be used to determine the use of mammography among elderly
women. This study validates that Medicare data can be used to study breast cancer screening and associated
process and outcomes of care.

(#1) Smith-Bindman R, Quale C, Chu PW, et al. Can Medicare Billing Claims Data Be Used to Assess
Mammography Utilization Among Women Age 65 and Older._Medical Care 2006 May; 44(5): 463-70

B. Documented that mammography use is substantially lower among elderly women, and racial and ethnic
minorities then widely thought. These results contrast with many widely held views. These research findings
were presented at the DOD Era of Hope meeting and presented at several Institute of Medicine Meetings
including

(#2) Kagay C, Quale C, Smith-Bindman R. Mammography Use Among the American Elderly,” Am J Prev Med
2006 Aug; 31(2): 142-9.

C. Documented that there are persistent disparities in adequate breast cancer treatment. Specifically, radiation
treatment is missing or incomplete in a high percent of African American women who have undergone breast
conserving treatment and the adequacy of diagnostic evaluation is suboptimal among minority women

(#3) Haggstrom DA, Quale C, Smith-Bindman R. Differences in the Quality of Breast Cancer Care Among
Vulnerable Populations. Cancer. 2005 Dec 1; 104(11): 2347-58

D. Documented that a substantial component of breast cancer disparity is due to differential use of screening
mammography. These results, when published in the Annals of Internal Medicine, resulted in extensive media
coverage and reconsideration of the need to continue to emphasize the need for improved access to screening
mammography among all women.

(#4) Smith-Bindman R, Miglioretti D, Lurie N, Abraham L, et al. Does Ultilization of Screening Mammography
Explain Racial and Ethnic Differences in Breast Cancer? Ann Intern Med, 2006 Apr18; 144(8): 541-53.

E. Documented how different factors, such as screening, treatment and biology, contribute to breast cancer
outcomes.

(#5) Curtis E, Quale C, Haggstrom D, Smith-Bindman R. Racial and Ethnic Differences in Breast Cancer
Survival: How Much Is Explained By Screening, Tumor Severity, Biology, Treatment, Co-morbidities and
Demographics? Submitted to Cancer, included as attachment

F. Documented in several papers that the quality of mammography is woefully inadequate and there is a
pressing need to improve the quality of mammography screening.

(#6) US-UK Comparison of Screening Mammography." Smith-Bindman R, Chu PW, Miglioretti DL, Sickles EA,
Blanks R, Ballard-Barbash R, Bobo JK, Lee NC, Wallis MG, Patnick J, Kerlikowske K. JAMA 2003 Oct 22;
290(16): 2129-37

(#7) Smith-Bindman R, Ballard-Barbash R, Miglioretti D, Patnick J, Kerlikowske K. Comparing the
Performance of Mammography Screening in the United States and the United Kingdom. J Med Screen
2005 12(1): 50-54.

(#8) Smith-Bindman R, Chu PW, Miglioretti D, Quale C, et al. Physician Predictors of Mammographic
Accuracy. J Natl Cancer Inst 2005; 97:358-67.




IV. REPORTABLE OUTCOMES

Overall 7 manuscripts were published, and one manuscript has been submitted for publication acknowledging
support of the DOD. Additionally, the results were presented at two Institute of Medicine meetings, and the
support of the DOD was acknowledged in those presentations. There were not adverse outcomes.

(#1) Smith-Bindman R, Quale C, Chu PW, et al. Can Medicare Billing Claims Data Be Used to Assess
Mammography Utilization Among Women Age 65 and Older._Medical Care 2006 May; 44(5): 463-70

(#2) Kagay C, Quale C, Smith-Bindman R. Mammography Use Among the American Elderly,” Am J Prev Med
2006 Aug; 31(2): 142-9.

(#3) Haggstrom DA, Quale C, Smith-Bindman R. Differences in the Quality of Breast Cancer Care Among
Vulnerable Populations. Cancer. 2005 Dec 1; 104(11): 2347-58

(#4) Smith-Bindman R, Miglioretti D, Lurie N, Abraham L, et al. Does Utilization of Screening Mammography
Explain Racial and Ethnic Differences in Breast Cancer? Ann Intern Med, 2006 Apr18; 144(8): 541-53.

(#5) Curtis E, Quale C, Haggstrom D, Smith-Bindman R. Racial and Ethnic Differences in Breast Cancer
Survival: How Much Is Explained By Screening, Tumor Severity, Biology, Treatment, Co-morbidities and
Demographics? Submitted to Cancer,

(#6) US-UK Comparison of Screening Mammography." Smith-Bindman R, Chu PW, Miglioretti DL, Sickles EA,
Blanks R, Ballard-Barbash R, Bobo JK, Lee NC, Wallis MG, Patnick J, Kerlikowske K. JAMA 2003 Oct
22;290(16):2129-37

(#7) Smith-Bindman R, Ballard-Barbash R, Miglioretti D, Patnick J, Kerlikowske K. Comparing the
Performance of Mammography Screening in the United States and the United Kingdom. J Med Screen
2005 12(1): 50-54.

(#8) Smith-Bindman R, Chu PW, Miglioretti D, Quale C, et al. Physician Predictors of Mammographic
Accuracy. J Natl Cancer Inst 2005; 97:358-67.

2004 Institute of Medicine (IOM) Conference, Saving Women’s Lives, Washington D.C. Accuracy and Access
to Screening Mammaography

2005 Institute of Medicine (IOM) Conference Improving_ Mammographic Quality Standards, Participant and
external reviewer of final published report.

V. CONCLUSIONS

The project was successful and we achieved all major goals outlined in the original application
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VIl. APPENDICES

Each of the publications cited is included as an appendix
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HE PROVISION OF SCREENING
mammography differs greatly
between the United States and
the United Kingdom. In the
United States, screening is provided in
diverse settings, such as private prac-
tice, health maintenance organizations,
and academic medical centers'; whereas
in the United Kingdom, a single orga-
nized screening program run by the Na-
tional Health Service provides virtually
all mammographic screening for women
aged 50 years or older.>? There are also
differences between the ages of women
screened; the recommended interval be-
tween mammographic examinations; the
proportion of women recalled for addi-
tional imaging examinations, such as di-
agnostic mammography or ultrasound,;
and the methods used to further evalu-
ate findings considered suspicious for
cancer."® However, it is not clear if there
are actual differences in the perfor-
mance and outcomes of screening mam-
mography between the 2 countries.
Comparing the performance of screen-
ing mammography between the 2 coun-
tries may suggest methods to improve
mammography practice.

©2003 American Medical Association. All rights reserved.

Context Screening mammography differs between the United States and the United
Kingdom; a direct comparison may suggest methods to improve the practice.

Objective To compare screening mammography performance between the United
States and the United Kingdom among similar-aged women.

Design, Setting, and Participants Women aged 50 years or older were identi-
fied who underwent 5.5 million mammograms from January 1, 1996, to December
31, 1999, within 3 large-scale mammography registries or screening programs: the
Breast Cancer Surveillance Consortium (BCSC, n=978591) and National Breast and
Cervical Cancer Early Detection Program (NBCCEDP, n=613388) in the United States;
and the National Health Service Breast Screening Program (NHSBSP, n=3.94 million)
in the United Kingdom. A total of 27612 women were diagnosed with breast cancer
(invasive or ductal carcinoma in situ) within 12 months of screening among the 3 groups.

Main Outcome Measures Recall rates (recommendation for further evaluation in-
cluding diagnostic imaging, ultrasound, clinical examination, or biopsy) and cancer de-
tection rates were calculated for first and subsequent mammograms, and within 5-year
age groups.

Results Recall rates were approximately twice as high in the United States than in
the United Kingdom for all age groups; however, cancer rates were similar. Among
women aged 50 to 54 years who underwent a first screening mammogram, 14.4% in
the BCSC and 12.5% in the NBCCEDP were recalled for further evaluation vs only
7.6% in the NHSBSP. Cancer detection rates per 1000 mammogram screens were 5.8,
5.9,and 6.3, in the BCSC, NBCCEDP, and NHSBSP, respectively. Recall rates were lower
for subsequent examinations in all 3 settings but remained twice as high in the United
States. A similar percentage of women underwent biopsy in each setting, but rates of
percutaneous biopsy were lower and open surgical biopsy higher in the United States.
Open surgical biopsies not resulting in a diagnosis of cancer (negative biopsies) were
twice as high in the United States than in the United Kingdom. Based on a 10-year
period of screening 1000 women aged 50 to 59 years, 477, 433, and 175 women in
the BCSC, NBCCEDP, and NHSBSP, respectively, would be recalled; and for women
aged 60 to 69 years, 396, 334, and 133 women, respectively, The estimated cancer
detection rates per 1000 women aged 50 to 59 years were 24.5, 23.8, and 19.4, re-
spectively, and for women aged 60 to 69 years, 31.5, 26.6, and 27.9, respectively.

Conclusions Recall and negative open surgical biopsy rates are twice as high in US
settings than in the United Kingdom but cancer detection rates are similar. Efforts to
improve US mammographic screening should target lowering the recall rate without
reducing the cancer detection rate.

JAMA. 2003;290:2129-2137

www.jama.com

We compared recall (the percent-
age of mammograms in which there
is a recommendation for prompt
additional testing, clinical evaluation,
or percutaneous biopsy), surgical

biopsy, and cancer detection rates for
screening mammography among
similarly aged women between the
United States and the United King-
dom.

Author Affiliations are listed at the end of this article.
Corresponding Author and Reprints: Rebecca Smith-
Bindman, MD, Department of Radiology, University

of California~San Francisco, Mt Zion Campus, 1600
Divisadero 5t, San Francisco, CA 94115 (e-mail: rebecca
.smith-bindman@radiology.ucsf.edu).

(Reprinted) JAMA, October 22/29, 2003—Vol 290, No. 16 2129

Downloaded from www.jama.com at UCSF/Library, on April 12, 2007



SCREENING MAMMOGRAPHY IN THE UNITED STATES AND UNITED KINGDOM

METHODS

Data Sources

Data on US screening mammography
was obtained [rom the Breast Cancer
Surveillance Consortium (BCSC)?
and the National Breast and Cervical
Cancer Early Detection Program
(NBCCEDP).%* In the United King-
dom, data were obtained from the
National ITealth Service Breast Screen-
ing Program (NHSBSP).*!? Results of
all screening mammograms in women
aged 50 years or older conducted within
each of these settings between January
1,1996, and December 31, 1999, were
included. More than 1 screening exami-
nation was included if the examina-
tions occurred more than 9 months
apart. We excluded mammograms
obtained to further evaluate a mass
detected by clinical breast examina-
tion, because of a breast symptom, or
to follow up an abnormal mammo-
gram. The study was approved by the
institutional review board at the Uni-
versity of California, San Francisco.

Breast Cancer Surveillance
Consortium

The BCSC is a National Cancer Institute—
funded consortium of mammography
registries in San Francisco, Calif; Colo-
rado; New Hampshire; New Mexico;
North Carolina; Seattle, Wash; and Ver-
mont.” The primary purpose of the con-
sortium is to collect data pertaining to
mammography performance in a uni-
form fashion across diverse settings and
populations.”” Women are included if
they self-refer or are referred by a phy-
sician for amammogram to 1 of 202 con-
tributing facilities. Data are obtained for
individual women from self-adminis-
tered questionnaires'* and radiologist re-
ports (medical records). Mammogra-
phy results are reported using the
categories of the American College of Ra-
diology’s Breast Imaging Reporting and
Data Systems." Cases of cancer are as-
certained through active case fol-
low-up and through linkages with state
tumor registries, Surveillance, Epidemi-
ology and End Result programs, or
pathology databases, and cancer ascer-
tainment has been found to be 94%

2130 JAMA, October 22/29, 2003—Vol 200, No

. 16 (Reprinted)

complete."* Although all US facilities and
radiologists must follow the Mammog-
raphy Quality Standards Act/Mammog-
raphy Quality Standards Reauthoriza-
tion Act regulations,” the BCSC offers
no specific guidelines for, or has author-
ity in advising, how mammograms
should be interpreted.

National Breast and Cervical
Cancer Early Detection Program
The NBCCEDP, which is funded by the
Centers for Disease Control and Preven-
tion, provides breast and cervical can-
cer screening to poor uninsured women
throughout the United States.®? Al-
though funding limitations have al-
lowed only 15% to 20% of eligible
women to be served, screening mam-
mography for women aged 40 years or
older have been provided in all 50 states,
tribes, and territories since 1996. The
Centers for Disease Control and Preven-
tion funds each state, which in general
contracts for the mammographic screen-
ing through diverse settings. Data are col-
lected for individual women from sell-
administered questionnaires and medical
records from primary physicians and ra-
diologists. Mammography results are re-
ported to the programs using the cat-
egories of Breast Imaging Reporting and
Data Systems."* Cancer occurrences are
ascertained primarily through active fol-
low-up of mammograms with abnor-
mal findings and review of pathology re-
ports butsome programs also link to state
tumor registries or Surveillance, Epide-
miology and End Result programs. The
NBCCEDP offers no specific guidelines
on how mammograms should be inter-
preted, but it works with all of the state
programs to improve program perfor-
mance, including mammography.

National Health Service

Breast Screening Program

The government-funded NHSBSP pro-
vides free breast cancer screening in the
United Kingdom for women 50 years
or older.*'®Women aged 50 to 64 years
are invited by postcard to attend breast
screenings every 3 years through a
system that relies on centralized com-
puter databases. From age 65 years on-

ward, women are encouraged to self-
refer. By 1995, the NHSBSP achieved
national coverage so that screening
mammography was available to all eli-
gible women. The program is cur-
rently organized into 95 separate breast-
screening programs that coordinate the
provision of screening services and can-
cer ascertainment. Data are collected
and analyzed locally as well as cen-
trally in the Department of Health and
the Cancer Screening Evaluation Unit,
University of London, London, En-
gland. Women specifically concerned
about breast problems are referred to
hospital breast clinics for diagnostic
mammography and the results of such
testing are not included in this study.

Positive Mammogram

For the BCSC and NBCCEDP, a mam-
mogram was classified as positive (re-
call) if the assessment was abnormal or
incomplete (Breast Imaging Reporting
and Data Systems categories 0, 3, 4, and
5) and a recommendation for prompt di-
agnostic imaging, clinical evaluation, or
biopsy (including fine-needle aspira-
tion, core biopsy, and open surgical bi-
opsy) was given. Clinical evaluation was
the reason for a positive examination in
a small minority of cases (<2% of the
recalls) but was included to be consis-
tent with the NHSBSP. For the NHSBSP,
a mammogram was classified as posi-
tive (recall) if there was a recommen-
dation for further work-up, including di-
agnostic imaging, clinical examination,
or pathological evaluation. Any addi-
tional views that were recommended
contributed to the recall rate. Mammo-
grams that were recommended for short-
interval follow-up only were not con-
sidered positive.

First vs Subsequent Mammogram

Because recall and cancer detection
rates vary by whether women have un-
dergone previous mammography,*®17
all analyses were subdivided into first
or subsequent screening examination
(screening cycle). For the BCSC and
NBCCEDP data, a mammogram was
classified as first if the woman had no
prior mammogram in the database and

©2003 American Medical Association. All rights reserved.
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self-reported no prior mammogram
within 5 years. For the NHSBSP, the
first mammogram that a woman un-
derwent in the program was consid-
ered first. Information on race, ethnic-
ity, socioeconomic status, and cancer
risk factors, such as menopausal sta-
tus and use of hormone therapy, are not
collected by the NHSBSP or NBCCEDP
and were not included.

Cancer Detected

Women were considered to have breast
cancer detected if active-case follow-
up or reports from a pathology data-
base, Surveillance, Epidemiology and
End Result program, or state tumor reg-
istry showed invasive carcinoma or duc-
tal carcinoma in situ within 12 months
of a positive screening mammogram.
Cancers that occurred alter a mammo-
gram with negative findings (false-
negative examinations) were not in-
cluded in this analysis.

Statistical Analysis

Recall, noninvasive work-up, and bi-
opsy rates were calculated per 100
screening mammograms and stratified by
first or subsequent examinations and by
5-year age groups, or age-adjusted to a
standard age distribution. The standard
age distribution was the mean of the age
distributions of the 3 data sources, in
which each data source was weighted
equally. The recall rate was calculated as
the number of mammograms with posi-
tive findings per 100 screening mammo-
grams. The noninvasive work-up rate
was calculated as the number of recom-
mendations for only noninvasive work-
up, including ultrasound, diagnostic im-
aging, other noninvasive tests, or breast
examination per 100 mammograms.
Fach mammogram was counted 1 time
when calculating the noninvasive
work-up rate, even if more than 1 test
was recommended. The biopsy rate (any
type of biopsy) was calculated as the
number of mammograms with a recom-
mendation for fine-needle aspiration,
core biopsy, biopsy where the type was
not specified, or open surgical biopsy per
100 mammograms. Each mammogram
was counted 1 time when calculating the

©2003 American Medical Association. All rights reserved.
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overall biopsy rate, even if more than 1
biopsy was recommended. The percu-
taneous biopsy rate was calculated as the
number of [ine-needle aspirations or core
biopsies per 100 mammograms. The
open surgical biopsy rate was calcu-
lated as the number of open surgical bi-
opsies per 100 mammograms. Women
could have contributed to both the per-
cutaneous biopsy rate and the open sur-
gical biopsy rate, hence these numbers
do not sum to the overall biopsy rate. The
open surgical biopsy rate was subdi-
vided into 2 groups: those that resulted
in a diagnosis of cancer (positive open
surgical biopsy rate) and those that did
not (negative open surgical biopsy rate).
The specific method of biopsy could not
be determined for the NBCCEDP data
and for 3 of the 7 BCSC sites and thus
the percutaneous and open surgical bi-
opsy rates could not be calculated for
these sites. The cancer detection rate was
calculated as the number of breast can-
cers detected per 1000 examinations. The
rate of invasive cancer by tumor size
(<10 mm, 10-20 mm, or =20 mm) was
calculated per 1000 examinations us-
ing the standard age distribution.

Because mammographic screening is
recommended™'®*' and performed**
more [requently in the United States than
the United Kingdom, one would expect
fewer cancers to be diagnosed per sub-
sequent screening examination in the
United States. To compare cancer detec-
tion rates for a similar period of screen-
ing, we used 4 years of actual data to es-
timate the number of cancers detected
and women recalled per 1000 women
undergoing screening mammography
during a 10-year period. For these esti-
mates, we assumed that screening started
atage 50 years (or 60 years) and contin-
ued for 10 vears using an estimated
screening interval for each setting. For
the BCSC and NBCCEDP, the esti-
mated screening interval was 18 and 19
months, respectively, and was based on
the mean time between mammograms
that women obtained between 1998 and
1999. These estimates are similar to those
reported by others.?**

For the NHSBSP, screening occurred
about every 3 years® and correspond-

ingly, the interval was estimated at 36
months. To calculate 10-year estimates
of cancer detection and recall for each
program, a 50-year-old woman was as-
sumed to have undergone a single first
mammogram and several subsequent ex-
aminations, and the age-specific recall
rate and cancer rate of these first and
subsequent examinations were those re-
ported herein. We assumed that women
aged 60 years or older underwent only
subsequent examinations so only age-
specific recall and cancer rates for sub-
sequent screens were used to calculate
10-year estimates. We also assumed that
the likelihood of recall and cancer de-
tection were independent from one ex-
amination to the next, and that a woman
could be recalled or have cancer de-
tected only once. We estimated the
chance of at least 1 recalled examina-
tion or cancer diagnosis during a 10-
year period for a 50-year-old woman
who underwent routine screening and
a 60-year-old woman who underwent
routine screening in each setting. To es-
timate the variability of these 10-year es-
timates, we used the 95% confidence in-
terval for the recall rates and cancer
detection rates, and varied the screen-
ing interval from 16 to 20 months
(BCSC), 17 to 21 months (NBCCEDP),
and 33 to 39 months (NHSBSP). The
lower estimate for the range in the can-
cer rate was calculated by assuming the
lower bound of the 95% confidence in-
terval for cancer detection and screen-
ing interval. SAS version 8.2 (SAS Insti-
tute Inc, Cary, NC) was used for all
statistical analyses.

RESULTS

This analysis included 5.5 million mam-
mograms: 978591 from the BCSC,
613388 from the NBCCEDP, and 3.94
million from the NHSBSP, which led to
the diagnosis of 27612 cases of breast
cancer among women aged 50 years or
older (TABLE 1).

Recall rates were similar between the
BCSC and the NBCCEDP for both first
and subsequent examinations (TABLE 2).
Recall rates in these 2 US settings were
approximately twice as high as those in
the United Kingdom for all age groups,
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for first as well as subsequent examina-
tions. Among first screening mammo-
grams for women aged 50 to 54 years,
14.4% of women in the BCSC and 12.5%
in the NBCCEDP vs only 7.6% in the
NHSBSP were recalled for further evalu-
ation, including diagnostic imaging, ul-
trasound, clinical examination, or bi-
opsy. Biopsy rates were similar across all
settings: 2.3% to 3.4% of first screening

mammograms and 0.84% to 1.7% of
subsequent screening examinations were
followed up with a recommendation for
biopsy. The higher US recall rate was pri-
marily because of a higher rate of diag-
nostic imaging, ultrasound, and clini-
cal evaluation.

Although the biopsy rates were simi-
lar between the 2 countries, biopsies
were more likely to be open surgical bi-

opsies in the United States (TABLE 3).
For 100 first screening mammograms,
1.1% in the United States compared
with 2.4% in the United Kingdom re-
sulted in a recommendation for percu-
taneous biopsy; for 100 subsequent
screening mammograms, 0.4% in the
United States compared with 0.8% in
the United Kingdom resulted in a rec-
ommendation for percutaneous bi-

e A 1 .1t 1 B s 5 % VA B S R e S0 £ 0o 00 PTG,
Table 1. Mammography Registries and Programs and Number of Mammograms Obtained Between 1996-1999

Data Sources

Breast Cancer Surveillance
Consortium (BCSC),

National Breast and Cervical
Cancer Early Detection Program
(NBCCEDP), US Centers for

UK National Health Service
Breast Screening Program

o US National Cancer Institute Disease Control and Prevention (NHSBSP) Total
No. of mammograms 978581 613388 3939329 5531308
Age group, y
50-54 264 229 196407 1581190 2041826
55-59 198122 163026 1239908 1601056
60-64 160039 147815 1056997 1364 851
=65 356201 106 140* 61234 523 575
Mo. of breast cancers 4232 271 20669 27612

*After 1997, mEJs: women aged 65 years or older were ineligible for the NBCCEDP because Medicare began to cover all costs for screening mammeography. Maost of the mam-
mograms for the age group in NBCCEDP were performed from 1996 to 1997,

Table 2. Recommendations for Further Assessment per 100 Screening Mammograms by Age, Setting, and Screening Cycle

Percentage (95% Confidence Interval)

=== First Screening Mammogram Subsequent Screening Mammogram :

Age, y BCSC NBCCEDP NHSBSP : BCsC NBCCEDP NHSBSP
Recall*
50-54 14.4 (13.9-14.9) 12.5(12.3-12.8) 7.6(7.6-7.7) 8.7 (8.6-8.8) 8.0(7.8-8.1) 3.9(3.8-3.9
55-59 13.4 (12.8-14.0) 12.0(11.6-12.3) 7.0(6.8-7.2) 8.3(8.2-8.4) 7.0(6.9-7.2) 3.6 (3.5-3.6)
B60-64 12.4 (11.7-13.1) 11.4(11.1-11.8) 6.7 (6.5-6.9) 79(7.7-8.0) 6.7 (6.5-6.8) 3.4 (3.4-3.5)
=65 12.1 (11.6-12.5) 8.3(7.9-8.7) 7.5 (6.8-8.3) 6.9 (6.8-7.0) 5.1 (4.9-5.2) 3.7 (3.5-3.8)
AllF 13.1(12.8-13.4) 11.2(11.1-11.4) 7.4 (7.0-7.3) 8.0(7.9-8.1) 6.8 (6.8-6.9) 3.6(3.6-3.7)
Noninvasive Diagnostic Workupt
50-54 12,1 (11.6-12.6) 9.3 (9.1-9.6) 5.3 (5.2-5.3) 7.6(7.5-7.8) 6.3(6.1-6.4) 3.0(3.0-3.0)
5559 11.1 (10.6-11.7) 8.8 (85-9.1) 464548 7.2(7.1-7.4) 5.6 (5.5-5.7) 262627
60-64 9.9 (9.3-10.5) 8.1(7.8-8.4) 4.1(4.0-4.3) 6.8 (6.7-6.9) 5.3 (5.1-5.4) 2.4(2.4-25)
=65 9.2 (8.8-9.6) 5.6 (5.3-6.0) 4.1(3.6-4.6) 5.9 (5.8-6.0) 3.9(3.8-4.0) 2.3(2.2-2.5)
Allt 10.7 (10.4-10.9) 8.1(8.0-8.3 4.6 (4.5-4.7) 6.9(6.9-7.0) 5.4 (5.3-5.5) 2.6(2.6-2.6)
Any Biopsy (Percutaneous or Open Surgical Biopsy)§

50-54 23(2.1-25) 3.2(3.1-3.4) 2.4(2.3-2.4) 0.97 (0.94-1.0) 1.7 (1.6-1.8) 0.84 {0.82-0.86)
55-59 2.3(2.0-26) 3.1 (3.0-3.3) 2.3(2.2-2.4) 0.99 (0.94-1.0) 1.4 (1.4-1.5) 0.90 {0.88-0.91)
60-64 2.5(2.2-2.8) 3.4 (3.2-3.8) 2.5(2.4-2.6) 1.0(0.99-1.1) 1.4 (1.4-1.5) 0.97 (0.95-0.99)
=65 2.9(2.6-3.1) 2.6(2.4-2.9) 3.4 (2.9-3.9) 1.1(1.0-1.1) 1.2(1.1-1.2) 1.3(1.2-1.4)
Allt 2.4 (2.3-2.6) 3.1(3.0-3.9 2.5(2.5-2.6) 0.99 (0.97-1.02) 1.4(1.4-1.5) 0.96 (0.94-0.98)

Abbreviations: BCSC, Breast Cancer Surveillance Consortium (US); NBCCEDP, National Breast and Cervical Cancer Early Detection Program (LUS); NHSBSP, National Health Ser-
vice Breast Screening Program {UK).

*Recall includes any recommendation for further workup, including noninvasive imaging (uitrasound, diagnostic imaging, other tests), breast examination, or pathological evaluation
(fine-needle aspiration, core biopsy, surgical biopsy, or biopsy type not specified). Each mammogram contributed once to the recall rate even if multiple tests were recom-
mended.

tAdjusted o a standard age distribution.

iNoninvasive workup (Ultrasound, diagnostic imaging, other tests, or breast examination) but not a recommendation for pathological evaluation.

§Biopsy including any recommendation for pathological evaluation, including fine-needle aspiration, core biopsy, surgical biopsy, or biopsy type not specified. Each mammogram
contributed once to the biopsy rate even if multiple biopsies were recommended.
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opsy (age-adjusted data). Conversely,
for 100 first screening mammograms,
1.15% in the United States compared
with 0.72% in the United Kingdom re-
sulted in a recommendation for open
surgical biopsy (age-adjusted data).
Most of the difference in open surgi-
cal biopsy rates was attributed to pro-
cedures among women who did not
have breast cancer, with negative open
surgical biopsy rates 2 to 3 times as high
in the United States vs the United King-
dom. For 100 first screening examina-
tions, 0.82% resulted in negative open
surgical biopsy in the United States
compared with 0.36%. Positive surgi-
cal biopsy rates were more similar be-
tween the 2 countries but tended to be
higher in the United Kingdom for sub-
sequent examinations.

The cancer detection rates increased
with age and were 2 to 3 times as high
for first vs subsequent mammograms in
both countries (TABLE 4). Despite sub-
stantially higher recall rates in the United
States, cancer detection rates were simi-
lar across settings, particularly for first
screening examinations. For 1000 first
examinations among women aged 50 to
54 years, 5.8, 5.9, and 6.3 cancers were
diagnosed in the BCSC, NBCCEDP, and
NHSBSP, respectively. Differences in can-
cer detection rates between the 2 coun-
tries were higher for subsequent exami-
nations, likely reflecting more frequent
US screenings.

The estimated number of cancers de-
tected per 1000 women screened dur-
ing 10 years was also similar between
both countries (TABLE 3). If 1000 women
aged 30 to 59 years underwent regular
mammographic screening during 10
years, approximately 24.5 cancers would
be detected in the BCSC, 23.8 in the
NBCCEDP, and 19.4 in the NHSBSP. If
1000 women aged 60 to 69 years under-
went regular mammographic screening
during 10 years, approximately 31.5 can-
cers would be detected in the BCSC, 26.6
in the NBCCEDP, and 27.9 in the
NHSBSP. Although invasive cancer de-
tection rates are more similar between the
2 countries, the in situ cancer rates are
higher in the United States. Among
women aged 50 to 59 years, approxi-

©2003 American Medical Association. All rights reserved.
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mately 5.8, 7.4, and 3.8 in situ cancers
would be detected, respectively. The
higher frequency of screening in the
United States magnifies the difference in
the estimated recall rates between the
countries when projected over 10 years.
After 10 years of screening 1000 women
aged 50 1o 59 years, 477 women in the
BCSC and 433 in the NBCCEDP vs 175
in the NHSBSP would have been re-
called for additional work-up. After 10
years of screening women aged 60 to 69
years, 396 women in the BCSC and 334
in the NBCCEDP vs 133 in the NHSBSP
would have been recalled for additional
work-up.

For first screening mammograms,
there were slightly fewer US invasive
cancers diagnosed per 1000 examina-
tions in most size categories (FIGURE).
For subsequent examinations, there
were lower rates of invasive cancer in all
size categories in the United States vs the
United Kingdom. The absolute differ-

ence in cancer rates between the United
States and United Kingdom was high-
est for invasive tumors 10 to 20 mm.

COMMENT

The recall and negative open surgical
biopsy rates associated with screening
mammograms were twice as high in US
settings than in the United Kingdom;
however, cancer detection rates were
similar in the 2 countries. In the United
Kingdom, half as many women are re-
called for diagnostic examinations and
half as many women without breast
cancer undergo open surgical biopsies
as in the United States. These results ob-
served in large numbers of women are
similar to recent findings from a series
of 60 test cases evaluated by physi-
cians in both countries in whomn false-
positive rates were higher among US
physicians but cancer detection rates
were not.”” The goal of any cancer
screening effort is to obtain high can-

e e
Table 3. Recommended Open Surgical Biopsy Rates per 100 Screening Mammograms by

Age, Setting, and Screening Cycle*

Percentage (95% Confidence Interval)

First Screening Mammogram

1
Subsequent Screening Mammogram

i
NHSBSP

0.26 (0.25-0.27)

0.28 (0.27-0.29)

0.30 (0.29-0.31)

0.33 (0.29-0.38)

0.28 (0.27-0.29)

0.15 (0.14-0.16)

0.18 (0.17-0.19)

0.21(0.20-0.22)

0.22 (0.18-0.26)

0.18(0.17-0.19)

0.11 (0.10-0.12)

0.10(0.09-0.11)

0.09 {0.09-0.10)

0.11(0.09-0.14)

Age, y BCSC NHSBSP BCSC
Open Surgical Biopsy
50-54 1.1{0.91-1.3) 0.64 (0.62-0.65) 0.30 (0.27-0.33)
55-59 1.2 (0.90-1.5) 0.70{0.65-0.75) 0.31 (0.27-0.35)
60-64 0.94 (0.67-1.3) 0.76 {0.69-0.83) 0.36 (0.32-0.41)
=65 1.5(1.2-1.7) 0.88 (0.65-1.2} 0.42 (0.39-0.45)
Al 1.15(1.1-1.2) 0.72 (0.67-0.77) 0.33 (0.32-0.35)
Positive Open Surgical Biopsyt
50-54 0.36 (0.25-0.49) 0.25 (0.24-0.26) 0.08 (0.06-0.10)
55-59 0.19 (0.09-0.35) 0.33 {0.29-0.37) 0.11{0.09-0.14)
60-64 0.25 (0.13-0.45) 0.43 (0.38-0.48) 0.12 {0.10-0.15)
=65 0.50 (0.37-0.67) 0.53 (0.36-0.77) 0.18 {0.16-0.20)
Al 0.31 (0.27-0.36) 0.36 (0.32-0.39) 0.11{0.11-0.12)
Negative Open Surgical Biopsy§
50-54 0.74 (0.59-0.93) 0.39 (0.38-0.40) 0.22 (0.20-0.25)
55-59 0.98 (0.73-1.3) 0.37 (0.33-0.41) 0.20 (0.17-0.23)
60-64 0.69 (0.46-0.98) 0.34 (0.29-0.38) 0.24 (0.21-0.28)
=65 085 (0.77-1.2) 0.36 {0.21-0.56) 0.24 (0.22-0.27)
Allt 0.82 (0.75-0.89) 0.36 (0.33-0.39) 0.22 (0.21-0.23)

0.10 (0.10-0.11)

Abbreviations: BCSC, Breast Cancer Surveillance Consortium (US); NHSBSP, National Health Service Breast Screen-
ing Program (UK).
*For the NHSBSP and the 4 BCSC sites (Colorado, North Carolina, Seattie, Vermont), differentiation of the type of
biopsy (percutanecus, including fine needle aspiration or core biopsy, vs open surgical biopsy) was performed. The
pasitive and negative opan surgical biopsy rate may not sum due 1o rounding.

tAdjusted to a standard age distribution.

3Cpen surgical biopsies that yielded a diagnosis of cancer per 100 mammograms.
§0pen surgical biopsies that did not yield a diagnosis of cancer per 100 mammaograms.
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Table 4. Cancers Detected per 1000 Screening Mammograms by Age, Setting, and Screening Cycle

Rate per 1000 (95% Confidence Interval)

First Screening Mammogram

Subsequent Screening Mammogram

Age, y BCSC NBCCEDP NHSBSP BCSC NBCCEDP NHSBSP
Total
50-54 5.8 (4.5-7.3) 5.9 (5.0-6.8) 6.3 (6.1-6.5) 2.6(2.4-2.9) 2.8(2.4-3.1) 3.8 (3.5-4.0)
55-59 7.4 (5.4-9.8) B.1(6.8-9.3) 9.2 (8.2-10.2) 3.6(3.3-4.0) 3.5(3.1-3.9) 4.8 (4.7-5.1)
60-64 10.1 (7.5-13.2) 11.9(10.2-13.6) 11.9({10.6-13.4) 3.9(3.5-4.4) 3.7 (3.3-42) 58(56-6.1)
=65 14.4 (12.3-16.8) 8.8(8.3-11.3) 16.6 (12.2-22.0) 5.2 (4.9-5.6) 4.4 (3.5-5.3) B.7(7.7-9.8)
Al* 8.6(7.9-94) B.3(7.7-8.7) 10.1 (9.4-10.7) 3.6 (3.5-3.7) 3.4(3.3-3.6) 5.4 (5.2-5.5
Invasive
50-54 4.5(3.4-5.9 4.6(3.8-5.4) 494.7-51) 1.9(1.6-2.1) 1.7 (1.4-2.0) 3.0(2.8-3.2)
55-59 6.8 (4.9-9.1) 6.049-7.1) 7.7 (6.8-8.8) 2.9(26-3.3 24(21-2.8) 3.9 (3.8-4.1)
60-64 7.7 (5:5-10.5) 8.9(7.5-10.4) 9.5 (8.3-10.8) 3.0(2.6-3.4) 26(2.2-29 49(4.7-5.1)
=65 12.4 {10.4-14.6) 7.1(49-94) 14.9 (10.7-20.0) 4.2 (3.9-4.5) 2.9(2.2-3.6) 6.9(6.1-7.9)
All* 7.2(6.5-7.8) 6.3 (5.9-6.7) 8.4 (7.8-9.0) 28(2.7-2.9) 23 (2.2-2.4) 4.3 {4.2-4.5)
In Situ
50-54 1.3(0.7-2.1) 1.3(090-1.7) 1.4 (1.3-1.5) 0.77 {0.6-0.9) 1.1 (0.86-1.3) 0.70{0.60-0.80)
55-69 0.63 (0.20-1.6) 2.1(1.4-2.7) 1.4 (1.0-1.8) 0.73 (0.6-0.9) 1.1(0.83-1.3) 0.90 {0.90-1.0)
60-64 2.4 (1.2-4.1) 3.0(21-3.8) 22(1.6-2.9 0.96{0.8-1.2) 1.2 (0.93-1.5) 1.0 (0.90-1.0)
=65 2.0 (1.3-3.1) 1.7 (06-2.8) 1.8 (0.60-4.1) 1.0(0.9-1.2) 1.6(1.0-2.1) 1.7 (1.3-2.2)
All* 1.5(1.2-1.8) 1.9(1.7-2.2) 16(1.4-1.9) 0.83 (0.77-0.90) 1.2{(1.1-1.9) 0.99 {0.92-1.1)

Abbraviations: BCSC, Breast Cancer Surveillance Consortium (US); NBCCEDP, National Breast and Cenvical Cancer Early Detection Program (US); NHSBSP, National Haalth Ser-

vice Breast Screening Program (UK).
*Adjusted to a standard age distribution.

A o e e e T ST o i N s T b, Wk St b e
Table 5. Estimated Number of Women With at Least 1 Recalled Examination, Cancer

Diagnosis, or Biopsy During 10 Years*

Rate per 1000 (95% Confidence Interval)

BCSC NBCCEDP NHSBSP
Mo. of women screened 1000 1000 1000
Time between screening o 18 19 36
exarminations, mean, mo
Aged 50 to 59 years
Cancer detected 24.5(19.8-30.7) 23.8(19.1-28.9) 19.4 (17.5-21.4)
In situ 5.8(5.0-8.3) 7.4(6.2-9.9) 3.8(3.3-4.5)
Invasive 19.0 (15.0-24.1) 16.4 (12.8-20.7) 15.3(13.9-17.0)
Women recalled A76.6 (441.7-515.1) 4328 (402.4-469.1) 174.5(164.9-183.8)
Bicpsy 79.0 (89.2-89.8) 113.2 (102.7-129.7)  49.3 (45.8-52.0)
Open surgical biopsyt 29.0(23.5-35.9) ¥ 14.5(13.4-15.6)
Aged B0 to 69 years
Cancer detected 31.5(26.3-37.8) 26.6 (20.7-34.2) 27.9(24.1-32.3)
In situ 7.0(5.3-9.2) 9.2 (5.9-12.9) 5.2 (4.0-6.7)
Invasive 24.7 (20.5-30.0) 18.0{13.4-23.5) 22,7 (19.7-26.6)
Women recalled 396.0 (354.9-435.4) 333.7 (302.7-365.5) 132.6(122.6-144.8)
Biopsy 71.7 (63.0-82.0) B83.9(74.8-95.4) 43.4 (36.9-48.7)
Cpen surgical biopsyt 269 (22.432.8) T 12.4(10.9-14.4)

Abbraviations: BCSC, Breast Cancer Surveillance Congortium (US); NBCCEDP, Mational Breast and Cervical Cancer
Early Detection Program (US); NHSBSP, National Health Service Breast Screening Program (UK).

*The time between mammaegrams was assumed to be the mean interval observed in each setting. Data are estimated
intervals in variation around these estimates and were calculated for the cancer datection, recall, and biopsy rates
and varying the screening interval from 16 to 20 months (BCSC), 17 to 21 months (NBCCEDF), and 33 to 39 months

(NHSBSR).

1O0pan surgical biopsies are a subset of all biopsies.
1The type of biopsy could not be determined from the NBCCEDP data and for 3 of the BCSC sites.
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cer detection rates while avoiding un-
necessary diagnostic evaluation follow-
ing false-positive results, which are
costly and associated with ongoing psy-
chological morbidity.*

There are several possible explana-
tions for the differences in recall rates be-
tween the 2 countries. Much higher rates
of US malpractice lawsuits that focus on
missed breast cancer diagnoses*’provide
a strong incentive to increase sensitiv-
ity at the expense of specificity, possi-
bly leading US radiologists to recall
women when they identify a finding with
a low likelihood of cancer.”* In addi-
tion, US physicians must read only 480
mammograms annually to fulfill Mam-
mography Quality Standards Act require-
ments,"” while radiologists in the United
Kingdom are required to read at least
5000 mammograms annually* and on
average, radiologists interpret 5 to 7 times
their US counterparts. Furthermore, al-
though more than 90% of programs in
the United Kingdom use double read-
ing, this practice is much less common
in the United States. Although the ex-
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actimpact of double reading remains un-
certain, some evidence shows that double
reading by consensus or arbitration, as
used in the United Kingdom, raises de-
tection rates and decreases recall rates. !
Another consideration is the higher cen-
tralization of mammogram reading in the
United Kingdom, as well as a less mo-
bile population, which might make prior
mammograms more readily available {or
comparison when interpreting results.
Although the lauer difference might re-
duce recall rates for subsequent mam-
mograms,*** it does not account for
higher recall rates for first screening
mammograms.

Most importantly, quality assurance
standards for the NHSBSP programs are
set nationally and are regularly moni-
tored through a quality assurance net-
work. Ranges of acceptable data for re-
call, biopsy, and cancer detection rates
have been established and an organized
program operates at the local and na-
tional levels to monitor and achieve these
targets.>* All screening programs in the
United Kingdom receive data that en-
able a comparison of their recall and can-
cer detection rates with other pro-
grams. Both programs and individual
radiologists below a minimum stan-
dard are subject to quality assurance
scrutiny. In contrast, the United States
has only voluntary guidelines* and there
is no national organization to collect or
monitor data to promote high levels of
performance. Finally, an organized pro-
gram of professional development in the
United Kingdom specifically provides in-
struction and individual feedback re-
garding recall and cancer detection rates
by using a set of test mammography cases
called PERFORMS.* Although not com-
pulsory, 85% of mammographers from
the United Kingdom participated in this
test in 2001. Continuing medical edu-
cation is a requirement for US radiolo-
gists but the actual content is not uni-
formly organized and almost never
targets specific recall or cancer detec-
tion rates.

The NHSBSP has integrated quality as-
surance into all clinical aspects of its pro-
gram’**3 and as a result, the United
Kingdom has observed dramatic im-
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provements in the performance of
screening mammography since the pro-
gram began in 1988. For example, can-
cer detection rates have increased dra-

matically for both first and subsequent
screening examinations, as has the posi-
tive predictive value of mammogra-
phy.* The United Kingdom observed a

Figure. Rate per 1000 Screening Examinations of Ductal Carcinoma In Situ and Invasive
Breast Cancer by Size for First and Subsequent Screening Mammograms for Each Program,

1998-1999
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NHSBSP indicates National Health Service Breast Screening Program; BCSC, Breast Cancer Surveillance Con-
sortium; and NBCCEDP, National Breast and Cervical Cancer Early Detection Program. Results are age-
adjusted. Detailed information on the size of the invasive breast cancers is only available in the United King-
dom from 1998 to 1999, therefore, the comparison of tumor size was limited to 1998-1999. In the United
Kingdom, tumors that measured 10 mm were included with those that measured 11 to 20 mm; therefore,
grouping of 10 to 20 mm for all 3 data sources were used. Because this cutpoint is different than typically used
in the United States, the size distributions reported might be slightly different than reported by others in the

United States.
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rapid 50% decline in the open surgical
biopsy rate between 1996 and 1999, as
a result of a coordinated effort to in-
crease the use of percutaneous biopsy
and to decrease the percentage of women
without breast cancer who underwent
open surgical biopsy.®?" The well-
documented improvements in the United
Kingdom® demonstrate that implemen-
tation of quality control can be efficient
and feedback mechanisms effective. De-
spite the differences between the 2 coun-
tries in the provision and funding of
screening mammography, mammogra-
phy technology is very similar between
the 2 countries and similar targets for
mammography outcomes, including spe-
cific recall and biopsy rates, could be es-
tablished in the United States. Success in
reaching technical targets set by the
Mammography Quality Standards Act/
Mammography Quality Standards Re-
authorization Act demonstrates how a
coordinated quality assurance program
can work in the United States.*
Screening mammography is per-
formed more frequently in the United
States than in the United Kingdom. Dur-
ing a 10-year period, women aged 50
years or older will undergo approxi-
mately 7 mammograms in the United
States vs only 3 in the United King-
dom. More frequent screening likely
translates into smaller average cancer
size at diagnosis, as evidenced by the
slightly lower rates of invasive cancer for
10 mm or more and the higher rates of
in situ cancer diagnosed in the United
States. Additionally, US screening tends
to begin at an earlier age than in the
United Kingdom. From our results, it
cannot be determined whether these dif-
ferences affect breast cancer mortality.
We compared the cancer detection
rates, which are widely used as a mea-
sure of mammography perfor-
mance, ¥ as they approximate the
total cancer rates and can be readily mea-
sured for quality assurance purposes. We
found the breast cancer detection rates
in both countries to be similar. Given
that the overall age-adjusted breast can-
cer incidence rates are slightly higher in
the United States," one would expect
that the United States would have simi-
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lar or higher cancer detection rates than
in the United Kingdom. Thus, it is un-
likely that the United Kingdom is miss-
ing cancers despite a much lower recall
rate. It has been shown that at high re-
call rates, cancer detection rates levels
off.** Thus, despite recalling more
women, more cancers are not detected
in the United States.

The main limitation of our study is
that we cannot be certain that our defi-
nition of screening mammography was
the same across all 3 settings. Specifi-
cally, we do not know if there was a
higher proportion of diagnostic exami-
nations among the US women, which
might account for a higher recall rate.
However, more diagnostic mammo-
grams should produce a substantially
higher cancer rate®* in the 2 US set-
tings, which we did not find. We should
also note that our estimation of the total
cancers detected during 10 years was
based on only 4 years of screening data
and the assumptions of the model were
simplistic. When we used different val-
ues for these assumptions, our results did
notappreciably change. Additionally, our
estimated recall rates are similar to those
results found by others.>* There is likely
a small degree of overlap between the 2
US data sources but this is estimated to
be less than 3% of the mammograms de-
scribed. Additionally, by pooling data
within each program, we have ignored
variations by region, physician, and other
variables in each program **# Lastly, al-
though the data from the United King-
dom includes virtually all mammo-
graphic screening performed, the US data
reflects only a small percentage of mam-
mography performed. Because mammo-
grams from all 50 US states were in-
cluded and the results from the BCSC
and NBCCEDP were broadly similar,
these results probably provide the best
current evidence of the US perfor-
mance of mammography screening.

We did not focus on differences be-
tween the BCSC and NBCCEDP (such
as the slightly higher diagnostic imag-
ing rate and slightly lower biopsy rate
in the BCSC) because the differences be-
tween the 2 US data sources were small
compared with the differences be-

tween the 2 countries and these pro-
grams describe different populations, in
which breast cancer rates, as well as tu-
mor characteristics, might be different.
Women undergoing screening mam-
mography should consider going to fa-
cilities where physicians read a large
number of mammography examina-
tions,®* radiologists devote a large per-
centage of their practice to mammogra-
phy,* and comprehensive auditing of
outcomes is undertaken on a routine ba-
sis.” Additionally, women should re-
turn to the same facility for repeat
screening or ensure that comparison
films are available to radiologists at the
time of imaging interpretation, if they
change facilities.™* Lastly, if they do
have an examination with abnormal
findings and an open surgical biopsy is
recommended, they should discuss all
options with a radiologist or surgeon,
and consider getting a second opinion.
In the United Kingdom, the NHSBSP
has set and reached targets that empha-
size high rates of cancer detection and
low recall. Recall rates in the United King-
dom are now substantially lower than in
the United States with no substantial
reduction in cancer detection. We believe
this success stems primarily from a cen-
tralized program of continuous quality
improvement. A large portion of the costs
associated with mammographic screen-
ing comes from frequent screening*” and
therelatively high percentage of women
who undergo additional testing.* Screen-
ing women aged 50 to 69 years bienni-
ally and reducing recall rates could
substantially decrease the cost of mam-
mography, as well as associated anxiety
caused by false-positive diagnoses.*
Efforts to improve US mammographic
screening should be targeted to lower-
ing the recall rate without substantially
lowering the cancer detection rate.
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mester at delivery), severity of pre-eclampsia, gestational age at
delivery, and birth weight (Table 1) were comparable with those
from previous studies from Western Europe.>*? In light of the
lack of ethnicity-related differences in ADMA concentrations in
our sample, ethnicity does not appear to explain our results.

Thus, our results support the hypothesis that pre-
eclampsia in low- and high-risk populations may have dis-
tinct underlying causes.
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CORRECTION

Incorrect Data in Table: In the Original Contribution entitled “Comparison of
Screening Mammography in the United States and the United Kingdom" pub-
lished in the October 22/29, 2003, issue of THE JOURNAL (2003;290:2129-2137),
there were incorrect data in Table 5 due to rounding errors. On page 2134, for
cancer detected for women aged 50 to 59 years, the rate per 1000 women of
24.5 should have been 24.8 for BCSC and 19.4 should have been 19.2 for
NHSBSP, and for cancer detected in women aged 60 to 69 years, the rate per
1000 women of 31.5 should have been 31.6 for BCSC and 26.6 should have
been 27.2 for NBCCEDP,
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Physician Predictors of Mammographic Accuracy

Rebecca Smith-Bindman, Philip Chu, Diana L. Miglioretti, Chris Quale,
Robert D. Rosenberg, Gary Cutter, Berta Geller, Peter Bacchetti, Edward A.

Sickles, Karla Kerlikowske

Background: The association between physician experience
and the accuracy of screening mammography in community
practice is not well studied. We identified characteristics of
U.S. physicians associated with the accuracy of screening
mammography. Methods: Data were obtained from the Breast
Cancer Surveillance Consortium and the American Medical
Association Master File. Unadjusted mammography sensi-
tivity and specificity were calculated according to physician
characteristics. We modeled mammography sensitivity and
specificity by multivariable logistic regression as a function
of patient and physician characteristics. All statistical tests
were two-sided. Results: We studied 209 physicians who in-
terpreted 1220046 screening mammograms from January 1,
1995, through December 31, 2000, of which 7143 (5.9 per
1000 mammograms) were associated with breast cancer
within 12 months of sereening. Each physician interpreted a
mean of 6011 sereening mammograms (95% confidence in-
terval [CI] = 4998 to 6677), including a mean of 34 (95% CI =
28 to 40) from women diagnosed with breast cancer. The
mean sensitivity was 77% (range = 29%—-97%), and the mean
false-positive rate was 10% (range = 1%—-29%). After adjust-
ment for the patient characteristics of those whose mammo-
grams they interpreted, physician characteristics were
strongly associated with specificity. Higher specificity was as-
sociated with at least 25 years (versus less than 10 years) since
receipt of a medical degree (for physicians practicing for 25—
29 years, odds ratio [OR] = 1.54, 95% CIl = 1.14 t0 2.08; P =
.006), interpretation of 2500-4000 (versus 481-750) screening
mammograms annually (OR = 1.30, 95% CI = 1.06 to 1.59; P=
.011) and a high focus on screening mammography compared
with diagnostic mammeography (OR = 1.59, 95% CI = 1.37 to
1.82; P<.001). Higher overall accuracy was associated with
more experience and with a higher focus on screening mam-
mography. Compared with physicians who interpret 481-750
mammograms annually and had a low screening focus, phy-
sicians who interpret 2500—4000 mammograms annually and
had a high screening focus had approximately 50% fewer
false-positive examinations and detected a few less cancers.
Conclusion: Raising the annual volume requirements in the
Mammography Quality Standards Act might improve the
overall quality of screening mammography in the United
States. |J Natl Cancer Inst 2005;97:358-67]

Screening mammography is a nonspecific test for breast
cancer, because only 5%-10% of screening mammograms that
are interpreted as abnormal harbor cancer (/-3). Although
patient characteristics such as age and breast density contribute
to variations in reported mammographic accuracy (/,6,7), it is
not clear how physician characteristics affect variability in
accuracy.

358 ARTICLES

A growing body of evidence has shown that physicians with
greater experience in performing procedures, such as cardiac an-
gioplasty (8). have a higher proportion of patients with good out-
comes (9). Physician training in mammographic interpretation has
been associated with improved accuracy (70,11). The few studies
that have evaluated the relationship between annual volume of
mammographic interpretation and accuracy, however, have ob-
tained conflicting results. Some studies have reported that vol-
ume is of prime importance (12, 13), whereas others have reported
that accuracy is associated with the interplay of many interrelated
factors involving physician experience but that volume itself is
not important (/4,15). However, all of these studies (/12-15) used
practice sets of mammograms that were greatly enriched with
mammograms showing cancer: some of these practice sets con-
tained up to 100 times more cancer-associated mammograms
than generally encountered in actual practice. which raises con-
cerns about context bias (76,17). Two studies evaluated the as-
sociation between mammographic volume and accuracy with the
prospective interpretation of clinical mammograms by a small
number of physicians (18, /9) and found that physicians who read
higher volumes of mammograms tended to have improved ac-
curacy. No large study has evaluated the association between
physicians’ volume and accuracy by use of prospectively col-
lected clinical data in the United States on a broad sample of
physicians.

In the United States, the Mammography Quality Standards
Act of 1992 requires physicians to interpret at least 960 mam-
mographic examinations within a 2-year period to qualify to
interpret mammograms (20). This minimum is 10-fold lower
than the number required by the United Kingdom National Health
Service Breast Screening Program (27) and reflects a minimum
volume of approximately 10 mammograms per week. Although
it seems reasonable to assume that increasing experience will im-
prove the accuracy of mammographic interpretation, the values
chosen by the Mammography Quality Standards Act and the Na-
tional Health Service Breast Screening Program were arbitrary
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minima derived primarily from perceptions about the supply of
physicians able to interpret mammograms rather than from actual
data to ensure adequate practice and skill (22). The purpose of
this study was to evaluate physician predictors associated with
accuracy of screening mammographic interpretation in commu-
nity practice in the United States.

PATIENTS AND METHODS
Data Sources

We obtained data on mammographic interpretations, volume
and cancer outcomes from mammography registries that partici-
pate in the Breast Cancer Surveillance Consortium (7,23,24). a
National Cancer Institute-funded consortium that collects patient
demographic and clinical information (23}, mammographic in-
terpretation, and cancer diagnoses from participating facilities in
seven states. Four registries—Colorado (Colorado Mammogra-
phy Project), New Mexico (New Mexico Mammography Proj-
ect), San Francisco (San Francisco Mammography Registry),
and Vermont (Vermont Breast Cancer Surveillance System)—
contributed data to this study. Details of data collection have
been reported previously (7,26-30). The Breast Cancer Surveil-
lance Consortium links data within registries from patient sur-
veys and radiologist reports and ascertains cancer outcomes
through linkage with state tumor registries (Colorado and
Vermont), Surveillance Epidemiology and End Results (SEER')
tumor registries (San Francisco and New Mexico), and pathology
databases (Vermont and New Mexico).

Physician characteristics (age and years since receipt of medi-
cal degree) were obtained from the American Medical Associa-
tion Physician Profile Service (37). Linkage with the Breast
Cancer Surveillance Consortium data was done in a way that
maintained physician confidentiality. Institutional Review Boards
of all collaborating institutions approved the study.

Subjects

The study subjects were physicians who interpreted screening
mammograms between January 1, 1995, and December 31, 2000.
Overall, 95% of physicians who practice at facilities that partici-
pate in the Breast Cancer Surveillance Consortium were included
in the analysis. We excluded screening examinations that oc-
curred after December 31, 2000. to ensure at least 12 months
follow-up for a cancer diagnosis after a normal or abnormal
screening result and an additional 18 months for the cancer to be
reported to the tumor registries, which would provide a cancer
ascertainment that was at least 94.3% complete (26). We assumed
that all physicians interpreted an average of at least 480 mam-
mograms per year, the minimum number required by Mammog-
raphy Quality Standards Act guidelines, although a particular
mammography registry may not capture all interpretations. Con-
sequently, we excluded 45 physicians who appeared to interpret
less than an average of 480 mammograms annually or during
each year of the study period, because the volume of mammo-
graphic interpretations estimated for these physicians is likely to
be inaccurate. The mean annual volume of the 45 excluded phy-
sicians was 388 mammographic interpretations (95% confidence
interval [CI] = 372 to 405 mammographic interpretations). For
any physician, we also excluded any calendar year during which
that physician interpreted less than 300 mammograms. For
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example, a physician who read 1200, 1100. 200, and 1300 mam-
mograms in each year of the 4-year study would be included, but
his or her accuracy and annual volume would not be assessed
during the third year.

Among the 209 physicians, the mean age (+ standard devia-
tion) was 52.2 + 9.6 years, the mean number of years since re-
ceipt of a medical degree was 24.5 + 10.6 years, and 46 were
female (Table 1).

Mammographic Volume and Screening Focus

We calculated each physician’s mean annual volume of mam-
mographic interpretations (including both screening and diag-
nostic examinations) over the study period and then stratified
annual volume into groups that had been used by others (13,18),
and we roughly balanced the number of physicians in each group
when possible. The mean annual volume of mammographic in-
terpretations was 1572, and the mean ranged from 1397 to 1928
across the four registries (P = .01). The median annual volume
was 1054, and the median ranged from 835 to 1682 across the
four registries (P = .01). Of the 209 physicians, 63 (30.1%) inter-
preted 481-750 mammograms annually, for a total of 123789
(10.2%) of all 1220046 screening mammograms in this study.
An additional 32 physicians (15.3%) interpreted 7511000 mam-
mograms annually, for a total of 91801 (7.5%) of all 1220046
screening mammograms. Thus, 95 (45.4%) of the physicians in-
terpreted fewer than 1001 mammograms annually, and these
physicians interpreted 17.7% of all screening mammograms.

We assessed each physician’s relative focus on screening as
opposed to diagnostic mammography as their ratio of sereening
to diagnostic mammograms interpreted. The median ratio of
screening to diagnostic mammographic examinations was 5.6
(interquartile range = 4.2-7.6), and this ratio was comparable
across the four registries. We dichotomized this ratio at 5 (<3

Table 1. Characteristics of physicians included in this study

Characteristic No. (%)
Sex
Male 163
Female 46 (22.0)
Physician age
<40y 22(11.3)
4049y 60 (30.8)
50-59 v 73(374)
60-69 y 33(169)
>70y 7(3.6)
Time since receipt of medical degree
<10y 16 (07.7)
10-14y 26(12.4)
15-19y 37(17.7)
20-24y 27(12.9)
25-29y 24.(11.5)
30-34y 43 (20.6)
>34y 35(17.2)
Average annual volume of mammogram interpretation
481-750 mammograms 63 (30.1)
751-1000 mammograms 32(15.3)
10011500 mammograms 41(19.6)
1501-2500 mammograms 43 (20.6)
2501-4000 mammograms 16(7.7)
>4000 mammograms 14 (6.7)
Ratio of screening to diagnostic mammograms
<5 81(0.3)
=5 128 (0.6)

e i o e e i

ARTICLES 359



vs. >5) as a round cut point that approximately balanced the
numbers of physicians in these two groups.

Screening Mammography Accuracy

We calculated annual volume and screening focus from all of
a physician’s interpretations but restricted the analysis of mam-
mography accuracy to screening examinations. We considered
mammograms to be diagnostic whenever the woman reported a
breast symptom [consistent with the American College of Radi-
ology Breast Imaging Reporting and Data Systems (BI-RADS)
(32)] or the mammogram occurred within 9 months of a previous
screening examination. Women could have more than one screen-
ing examination included as long as the interval between exami-
nations was more than 9 months.

A screening mammogram was classified as positive (32) if the
initial assessment was incomplete or suspicious for cancer (BI-
RADS interpretations 0, 4. or 5; n = 92439 or 7.6% of total
screening mammograms) or if the initial assessment was “prob-
ably benign™ (BI-RADS interpretation 3) but had a recommenda-
tion for immediate further assessment (n = 27753 or 2.3% of
total screening mammograms). The remaining mammograms
were classified as negative. Mammograms without a BI-RADS
assessment were excluded from the analyses (0.10% of total
screening mammograms). Women were considered to have breast
cancer if reports from a breast pathology database, SEER pro-
gram, or state tumor registry showed invasive carcinoma or
ductal carcinoma in situ within 12 months of the index
mammogram.

If breast cancer was diagnosed within 12 months of a positive
screening mammogram, the mammogram was considered a true
positive. If breast cancer was diagnosed within 12 months of a
negative screening mammogram, the mammogram was consid-
ered a false negative. If no breast cancer was diagnosed within 12
months of a negative screening mammogram, the mammogram
was considered a true negative. It no breast cancer was diagnosed
within 12 months of a positive screening mammogram, the mam-
mogram was considered a false positive.

To adjust each physician’s accuracy according to the charac-
teristics of his or her patients, we included patient age, physician-
reported assessment of breast density. and a classification of
mammographic examination as a first or a subsequent examina-
tion in our multivariable models. Breast density was classified as
almost entirely fat, scattered fibroglandular densities, heteroge-
neously dense. or extremely dense. A mammogram was consid-
ered a patient’s “first” mammogram if there was no registry
record of a prior mammogram within 4 years and if the patient
reported no prior mammogram within 4 years. Remaining mam-
mograms were considered subsequent,

Statistical Analysis

We calculated the overall sensitivity and specificity of screen-
ing mammography for each physician. Whenever the value in
any cell was equal to zero, we added 0.5 to the value in all cells
to obtain a less extreme value. Unadjusted mammographic sensi-
tivity and specificity were calculated according to patient charac-
teristics (age, breast density, and whether examination was a first
or a subsequent) and physician characteristics (age. vears since
receipt of medical degree, average annual volume of mammo-
gram interpretations, and ratio of screening to diagnostic mam-
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mographic interpretations). We plotted the sensitivity against the
false-positive rate of screening mammography, with each physi-
cian contributing a single point to this graph. We then graphed
the sensitivity and false-positive rate of screening mammograms
stratified by physician characteristics, with each mammogram
weighed equally.

We modeled sensitivity and specificity as a function of patient
and physician characteristics by use of multivariable logistic re-
gression. Because of the colinearity of physician age and time
since receipt of medical degree. only the latter was included in
the multivariable analysis. To determine whether patient and
physician characteristics influence the threshold at which a phy-
sician operates (which results in a tradeofl between sensitivity
and specificity) or the accuracy of mammographic interpretation
(additional probability of a positive mammogram if a woman has
cancer), we jointly modeled the false-positive rate (1 minus the
specificity) and true-positive rate (sensitivity) in a single receiver
operator characteristic (ROC)-type logistic regression model.
This model included main effects for each covariate and cancer
status plus interactions ot each covariate with cancer status (33).
Specifically,

logit[p(y,=1|x.d)]=xp+x.d8,
where y; is the mammography outcome (1 if positive, 0 if
negative) for the ith woman, xi is a vector of her covariate values
including an intercept term, and &, is an indicator of whether or
not she had cancer diagnosed during the 1-year follow-up pe-
riod. By use of this notation, the false-positive rate for the co-
variate combination x is defined as p(y = 1jx, d = 0), which is
equal to the inverse logit of xp. Sensitivity is p(y = l|x, d = 1),
which is equal to the inverse logit of x(p + &). Thus. the B coef-
ficients measure the influence of x on the overall probability of a
recall (i.e., threshold effect), and & measures the additional influ-
ence of % on the probability of a recall given that the woman has
cancer (i.e., accuracy effect). If & = 0, then the covariate x influ-
ences the false-positive rate and sensitivity equally. This model
allowed us to evaluate differences in interpretive performance
that reflect a threshold effect (i.e., a shift along an ROC curve; in
Fig. 1, movement from point A to point B) versus an accuracy
effect (i.e., differences that reflect performance on a different
ROC curve; in Fig. 1, movement from point A to point C). We
report multivariable results for specificity. sensitivity, and over-
all accuracy. Odds ratios (ORs) for sensitivity and specificity
reflect how well physicians performed with respect to a given
covariate along an ROC curve (if the accuracy effect is not sta-
tistically significant). whereas odds ratios for accuracy reflect a
shift associated with a given covariate to a new ROC curve. For
example, given an overall ROC curve for physicians, a statisti-
cally significant positive accuracy effect means a given covariate
is associated with a shift to a different ROC curve that reflects
better performance. An improvement in accuracy can reflect a
statistically significant increase in the specificity without a cor-
responding statistically significant reduction in the sensitivity, a
statistically significant increase in the sensitivity without a statis-
tically significant decrease in the specificity, or an improvement
in both sensitivity and specificity. If the accuracy effect is not
statistically significantly different from 1. changes in specificity
or sensitivity associated with a covariate reflect a shift along an
ROC curve as opposed to a shift to a different ROC curve (Fig.
1). The models were fit by way of generalized estimating equa-
tions (34) with an independent working covariance matrix by
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Sensitivity

False Positive Rate

Fig. 1. Mammography accuracy and the interpretation threshold. Differences in
physician performance that reflect an improvement in accuracy are shown by the
shift from point A to C. Differences in physician performance that reflect a shift
in the threshold used to interpret an examination as abnormal are shown by a shift
from point A to B.

use of the GENMOD procedure in the SAS package (version
8.2: SAS Institute, Cary NC) of programs to account for the cor-
relation among multiple mammograms interpreted by the same
physician.

To demonstrate the real-world implications of differences in
accuracy, we used the estimated sensitivity, specificity, and posi-
tive predictive values for all possible combinations of annual
volume and screening focus to calculate expected numbers of
cancers detected and false-positive diagnoses per 10000 women
screened annually, standardized to a single population of women
with the covariate distribution and the same number of cancers

Table 2. Accuracy of screening mammography by patient characteristics

(5.9 cancers per 1000 mammograms) as observed in this cohort.
All statistical tests were two-sided.

REesuLrs

The study subjects were 209 physicians who interpreted
1220046 screening mammograms between January 1. 1995, and
December 31, 2000, including 7143 (5.9 per 1000 mammograms)
diagnosed as breast cancer within 12 months of the screening
mammogram. Each physician interpreted a mean of 6011 screen-
ing mammograms (95% CI = 4998 to 6677) of which a mean of
34 (95% CI = 28 to 40) were from women diagnosed with breast
cancer within 12 months of the index mammogram.

Sensitivity and Specificity of Mammography by Patient
Characteristics

The sensitivity and specificity of mammographic interpretation
varied substantially and statistically significantly by patient
characteristics (Table 2). For example, for subsequent screening
mammograms, as patient age increased from younger than 40
years to older than 70 years, the false-positive rate decreased
from 10.5% (95% CI = 10.1 to 10.9) to 6.5% (95% Cl = 6.4 to
6.6) and the sensitivity increased from 52.7% (95% CI=39.5 to
65.9) to 79.7% (95% CI = 77.6 to 81.9). The false-positive rate
was lower, and sensitivity was higher when breast density was
predominantly fat or contained scattered fibroglandular densities.
Lower false-positive rates were observed for subsequent exami-
nations than for first examinations, whereas higher sensitivities
were observed for first screening examinations.

Physician Variability in Mammography Sensitivity and
False-Positive Rates

Physicians exhibited wide variations in mammography sensi-
tivity and specificity. The mean sensitivity was 77% (range =
29%-97%, 95% CI = 76% to 79%). and the mean false-positive
rate was 10% (range = 1%-29%, 95% CI = 9% to 10%). The

First screening mammogram

Sensitivity, %  False-positive rate,

Likelihood ratio

Subsequent screening mammograms

Sensitivity, %  False-positive  L-ikelihood ratio

No. (95% CI)* % (95% CI) Positive Negative No. (95% CI) rate, % (95% CI) Pc:si}.iw: Negative
Patient aget
<40y 51494 84.6(7921090.1) 15.0(14710153) 564 0.18 18454 527(395t0659) 105(101t0109) 50 0.53
40-49 y 131272 81.6(7841w084.8) 13.5(13.310137) 605 0.21 246198 68.6(6541071.8) 92(9.11094) 74 035
50-59y 69150 B825(792t0858) 125(12310128) 6.60 0.20 278559 752(729t0774) B84(83t085) 8.9 0.27
60-69 v 43162 B56(82.1tw89.1) 11.3(11.0to11.6) 7358 0.16 178278 77.1(747tw0794) 76(75t7.7) 101 0.25
=70y 41038 879(8541090.5) 979410 10.0) 9.07 0.13 162441 797(776t081.9) 65(64tw66) 123 0.22
Density]
Almost 16615 94.0(89.01099.1) 6.5(6.1106.9) 14.50 0.06 47516 888(833w943) 36(34t037) 250 0.12
entirely fat
Scattered 73156 901 (87.41092.8) 121(11.8t012.3) 746 0.11 243996 823 (801w 845) 75(7T4tw76) 110 0.19
fibroglandular
densitics
Heterogeneously 56936 82.0(778w86.1) 125(1221t012.8) 6.55 0.22 180201 724(698t0751) 8.8(8.7t09.0) 82 0.30
dense
Dense 19708 77.8(70.810 84.8) 14.7(14.2t0152) 529 0.26 45643 659 (6041071.5) 105(102t010.8) 6.3 0.38
Unknown 169701 83.1(81.01t0852) 13.6(851013.7) 6.12 0.20 366574 74 (722t0759) 86(85t087) 8.6 0.28

*CI = confidence interval.
FThe point estimates changed little when calculated on the basis of a standardized distribution of breast density; therefore, the crude results are provided.
The point estimates changed little when calculated on the basis of a standardized distribution of patient age; thercfore, the crude results are provided.
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mean sensitivity for 95% of the physicians was between 48% and
95%, and the mean false-positive rate for 95% of the physicians
was between 2% and 22%. Physicians with the highest false-
positive rates tended to have the highest sensitivity, whereas phy-
sicians with the lowest false-positive rates tended to have the
lowest sensitivity (Fig. 2). Thus. some of the difference among
physician false-positive rates reflects their threshold for calling
examinations abnormal (reflected as a tradeofT between sensitiv-
ity and specificity). However, some of the variation in sensitivity

and specificity (and thus overall accuracy) was not the result of

differences in threshold because at each false-positive rate, there
was substantial variation in sensitivity between physicians. For
example, at a false-positive rate of approximately 10%, the sen-
sitivity ranged from 33% to 96%.

Sensitivity and Specificity of Mammography by Physician
Characteristics

To identify physician characteristics that could explain the
variation in physician accuracy, we first calculated physician sen-
sitivity and specificity without adjusting for patient mixture. We
found variations in the false-positive rates that paralleled physi-
cian experience (Fig. 3). In general, the false-positive rate
declined (i.e., specificity improved) with increasing physician
age, with increasing time since receipt of medical degree, and
with increasing annual volume. For example, among subsequent
screening mammograms (Fig. 3, B), the false-positive rate was
10.3% among physicians younger than age 40 years but only
6.8% among physicians aged 60-69 years. Additionally, physi-
cians who had a higher focus on screening mammography than on
diagnostic mammography had a lower false-positive rate (among
subsequent examinations, 6.7% vs. 10.2%). Differences in sensi-
tivity by physician experience were smaller and the confidence
intervals largely overlapped, suggesting that the differences were
not statistically significant.
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Fig. 2. Sensitivity versus the false-positive rate of screening mammography in-
terpretation. Each physician is represented by a single point,
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Combined Effects of Patient and Physician Characteristics
on the Sensitivity and Specificity of Mammography

From the multivariable logistic regression analysis, several
patient characteristics were associated with specificity (Table 3).
A statistically significant increase in specificity was associated
with an increase in patient age. with subsequent examinations,
and with a breast density that was almost entirely fat. The
following physician characteristics were also associated with a
statistically significant increase in specificity: at least 25 years
(versus less than 10 years) since receipt of medical degree (for
physicians 25-29 years, OR = 1.54, 95% CI = 1.14 to 2.08), in-
terpretation of 2500-4000 (versus 481-750) mammograms an-
nually (OR = 1.30, 95% CI = 1.06 to 1.59), and a higher focus on
screening mammography than on diagnostic mammography
(OR =1.59, 95% CI = 1.37 to 1.82). Interpretation of 1500-2500
mammograms was associated with a non—statistically significant
improvement in specificity (OR = 1.16, 95% CI = 0.97 to 1.39).

Several patient characteristics were strongly associated with
sensitivity. Increased sensitivity was associated with increased pa-
tient age, with first mammographic examinations, and with a breast
density that was almost entirely fat or contained scattered fibro-
glandular densities. Physician characteristics were less consistently
associated with sensitivity. A higher focus on screening mammog-
raphy than on diagnostic mammography was associated with a
lower sensitivity (OR = 0.82, 95% CI = 0.69 to 0.98), but sensitiv-
ity was not statistically significantly associated with a physician’s
annual volume or time since receipt of medical degree.

Overall accuracy is presented in Table 3. A statistically sig-
nificant increase in overall accuracy was associated with a patient
age older than 50 years and with breast density other than
extremely dense. A statistically significant increase in overall
accuracy was associated with 25-35 years since receipt of medi-
cal degree (e.g.. for 25-29 years since receipt of their medical
degree, OR for accuracy = 1.54, 95% CI = 1.05 to 2.26; P
.025). This result primarily reflects improved specificity (OR =
1.54, 95% CI = 1.14 to 2.08; P = .006) without a statistically
significant change in sensitivity (OR = 1.0, 95% CI = 0.72 to
1.40; Table 3). A statistically significant increase in accuracy was
also associated with a higher focus on screening mammography
than on diagnostic mammography (OR = 1.29, 95% CI = 1.08 to
1.55), reflecting a statistically significant increase in specificity
(OR = 1.59, 95% CI = 1.37 to 1.82) with a smaller reduction in
sensitivity (OR = 0.82, 95% CI = 0.69 to 0.98). There was no
statistically significant difference in accuracy as a function of
physicians’ annual volume (none of the groups was different than
the lowest volume category), suggesting that the differences in
specificity by annual volume largely reflect differences among
physicians in their threshold for calling 2 mammogram abnor-
mal. Interpretation of 751-1000 mammograms annually was
associated with improved accuracy (OR = 1.33, 95% CI = 0.97
to 1.83). as characterized by small increases in both sensitivity
(OR = 1,17, 95% CI = 0.87 to 1.56) and specificity (OR = 1.14,
95% CI = 0.93 to 1.41). However, this level of mammogram in-
terpretation was not statistically significant (P = .08).

Association of Physician Experience with False-Positive
Rates and Cancer Detection Rates

Physicians who had a higher focus on screening mammogra-
phy than on diagnostic mammography or annual volume of
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Physician A
A Age < %
Age 40 - 49
Age 50 - 53
Age 60 - 69
Age 70 +

Years Since Receiptof MD |
<10

Avg. Annual Volume
481 - 750

751 -1000

1001 - 1500

1501 - 2500

2501 - 4000

= 4000

Screening Focus
<5

>5
Fig. 3. False-positive rate and sensitivity (and 95%
confidence intervals [Cls]) of screening mammogra-
phy by physician characteristics for first (A) and sub-
sequent (B) screening examinations. Error bars = 95%

Cls. Some error bars are not visible because they do B Physician A

not extend beyond the symbol. Y Age <§S

Age 40 - 49

Age 50 - 59

Age 60 - 69

Age 70 +

Years Since Receiptof MD |
<10

10-14

15-19

20-24

25-29

30 - 34

>34

Avg. Annual Volume
481 - 750

751 - 1000

1001 - 1500

1501 - 2500

2501 - 4000

= 4000
Screening Focus
<5

=5

2500-4000 mammograms compared with 480-750 mammo-
grams had lower false-positive rates. For physicians with a higher
screening focus, this result reflects improved accuracy (defined
as improved performance along a more accurate ROC curve).
For physicians with a higher volume. this result reflects a shift
along a ROC curve to operate in an area that emphasizes im-
proved specificity. The difference in how these physicians
perform will substantially affect the patients whose mammo-
grams they interpret. Compared with physicians who interpret
the minimum number of mammograms annually (i.e., 481-750
mammograms) and had a low screening focus (ratio less than 5),
physicians who interpret 25004000 mammograms annually and
had a high screening focus (ratio greater than or equal to 5) had
approximately 50% fewer false-positive examinations (674
versus 1279 false-positive examinations per 10000 screening
examinations) and detected only a few less cancers (44 versus 47
per 10000 screening examinations) (Table 4). Thus, a physician
who interprets 3000 mammograms annually and has a high focus
on screening mammography would have approximately 182
fewer false-positive examinations and would miss approximately
one cancer per year, compared with a low-volume physician who
does not focus to the same degree on screening mammography.
A physician who interprets 1500-2500 mammograms annually
and has a high focus on screening mammography would have
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approximately 40% fewer false-positive examinations and miss
approximately one cancer per 5000 screening examinations,
compared with the low-volume physician who does not focus to
the same degree on screening mammography. These differences
in sensitivity and specificity are reflected by the positive predic-
tive value of mammography, which is nearly twice as high as in
the high-volume, high-screening-focus category as in the low-
volume, low-screening-focus category (6.1% vs. 3.6%).

Discussion

We found substantial physician variation in mammographic
sensitivity and specificity that was not explained by the character-
istics of patients whose mammograms they interpreted. The most
dramatic difference was in the false-positive rate, which varied
from 1% to 29%. [n general, the most experienced physicians had
the lowest false-positive rates. Physicians who had been practic-
ing the longest, who interpreted 25004000 mammograms annu-
ally, and who emphasized screening, as opposed to diagnostic,
mammography had lower false-positive rates than their less-
experienced counterparts. For physicians who had practiced the
longest and who had a high focus on screening mammography.
overall accuracy was improved as well. meaning that they had
higher specificity without an equal loss in sensitivity. For physicians
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Table 3. Influence of patient and physician characteristics on the odds of a correct mammogram interpretation in women with and without breast cancer simultane-

ously adjusting for threshold*

Specificity Sensitivity Accuracyt
OR (95% C1) P OR (95% CI) r OR (95% CI) P

Patient age

<40y 0.90 (0.83 to 0.98) <012 0.94 (0.61 to 1.4) 770 0.85(0.56 to 1.28) 428

4049y 1.0 ( referent) 1.0 (referent) 1.0 (referent)

50-59 y 1.08 (1.04 to 1.10) <001 1.25(1.06 to 1.47) 007 L34(1.14 10 1.58) <001

60-69 y 116 (1.11 to 1.20) <001 1.36 (1.12to 1.64) 002 1.57(1.29t0 1.91) <.001

=70y 1.32 (1.25t0 1.41) <001 1.51(1.26 to 1.81) <001 2.00(1.66 to 2.40) <.001
Screening

First 1.0 (referent) 1.0 (referent) 1.0 (referent)

Subsequent 1.59 (1.49 to 1.67) <001 0.52 (0.45 o 0.61) <001 0.82 (0.70 10 0.98) 024
Density

Almost entirely fat 2.38(1.67t03.33) <001 3.98 (2200 7.17) <001 9.37(5.07 10 17.32) <001

Scattered fibroglandular densities 1.19(0.91 to 1.54) 200 2.19 (1.64 to 2.93) <.001 2.60(1.98 to 3.45) <.001

Heterogeneously dense 1.05 {0.81 to 1.37) 704 1.34 (1.00 to 1.79) .046 1.41(1.05 to 1.90) 0.024

Extremely dense 1.0 (referent) 1.0 (referent) 1.0 (referent)

Unknown 0.91 (0.68 to 1.20) 500 1.48 (1.07 to 2.04) 017 1.34(0.99 10 1.82) 0.058
Time since receipt of medical degree

<0y 1.0 (referent) 1.0 (referent) 1.0 (referent)

10-14y 1.16 (0.88 to 1.54) 282 098 (0.68 to 1.43) 921 1.14(0.73t0 1.78) 564

1519y 1.22 (09210 1.64) 172 1.07 (0.79 to 1.46) 654 131(09210 1.87) 135

2024y 1.18 (0.88 to 1.59) 276 0.96(0.70 to 1.33) 817 1.14(0.78 to 1.64) 501

2529y 1.54 (1.14 10 2.08) 006 1.00(0.72 to 1.40) 999 1.54 (1.05t0 2.26) 025

30-34y 1.67 (1.25102.22) <001 0.86(063101.19) 367 1.44 (09910 2.12) 060

>34y 1.59(1.12102.22) 008 0.76 (0.55to 1.04) 084 1.20(0.8210 1.73) 347
Average annual volume mammogram

interpretation

481-750 mammograms 1.0 (referent) 1.0 (referent) 1.0 (referent)

751-1000 mammograms 1.14 (093 to 1.41) 216 1.17 (0.87 to 1.56) 292 1.33(0.97 10 1.83) 080

1001-1500 mammograms 1.05(0.85to 1.30) 657 1.07 (0.80 to 1.44) 643 1.13(0.87 to 1.46) 373

1501-2500 mammograms 1.16 (0.97 to 1.39) 092 091 (0.721t0 1.15) 449 1.06 (0.86 to 1.32) 571

25014000 mammograms 1.30 (1.06 to 1.59) 011 0.83(063t01.10) 197 1.08 (0.82 to 1.42) 586

>4000 mammograms 1.03 (0.85 to 1.25) 789 0.96 (0.74 to 1.23) 719 0.98 (0.77 to 1.25) 878
Ratio of screening to diagnostic

mammographic interpretation
<5 1.0 (referent) 1.0 (referent) 1.0 (referent)
=5 1.59 (137 to 1.82) <.001 0.82 (0.69 to 0.98) 026 1.29(1.08 to [.55) {005

*P values correspond with the odds ratio (OR) to the left. CI = confidence interval. Statistically significant ORs (P<.05) are shown in boldface type.
Timproved sensitivity at given specificity or improved specificity at given sensitivity.

who interpreted at a high volume (25004000 mammograms an-
nually), the difference in performance reflected a shift in the
threshold used by these physicians to interpret an examination as
abnormal (thus, a shift along an ROC curve). The differences in
sensitivity were of much smaller magnitude than the differences
in the false-positive rate; consequently, the higher-volume physi-

cians did not miss many cancers even with the higher threshold
they used to interpret an examination as abnormal (approximately
one cancer per year).

Our results have important implications for the practice of
screening mammography. We estimated that, compared with
physicians who interpreted the minimum number allowed by

Table 4. Estimated differences in patient outcomes stratified by physician differences in screening mammography*

Annual volume: No.

mammograms No. false-positive

interpreted Focus on screening  Sensitivity, % Specificity, % False-positive rate, % No. cancers detected diagnoses Prv
480750 Low 80.8 87.1 129 47 1279 36
High 779 91.4 8.6 45 855 50
750-1000 Low 83.0 88.5 11.5 49 1143 4.1
High 80.1 924 76 47 759 58
1000-1500 Low 81.8 87.7 12.3 48 1226 38
High 78.8 91.8 82 46 818 53
1500-2500 Low 79.4 88.7 11.3 46 1121 4.0
High 76.1 925 75 45 744 56
2500-4000 Low 719 89.7 10.3 46 1020 3
High 744 932 6.8 44 674 6.1
>4000 Low 80.1 87.4 12.6 47 1250 36
High 76.9 91.6 8.4 45 834 5.1

m
*Estimates assume that 10000 women underwent screening mammography, that the multivariable distribution of patient characteristics, and that the total number
of cancers (5.9 per 1000 mammograms) was the same as it is in this cohort. PPV = positive predictive value.
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Mammography Quality Standards Act (i.e., 480~750 mammo-
grams per year) and who have a lower screening focus. physi-
cians who interpret 2500-4000 mammograms annually and have
a higher screening focus have 50% fewer false-positive diagno-
ses (168 vs. 320 per 2500 examinations) and miss approximately
one cancer per 2500 mammograms interpreted. We found that
physicians with a higher screening focus have substantially im-
proved specificity, slightly lower sensitivity, and overall im-
proved accuracy. Our results indicate that physicians who focus
on screening are better at screening than those who do not. One
possible explanation is that physicians who have a larger propor-
tion of diagnostic examinations (i.e., a low screening focus) may
expect higher underlying rates of cancer, which might lead them
to recall a larger percentage of patients.

There is considerable debate over how to analyze data de-
scribing the accuracy of diagnostic testing. Although ROC anal-
yses have been a mainstay of diagnostic imaging research, there
are several limitations of this method for evaluating the accuracy
of mammography. ROC curve analysis cannot be used to under-
stand the actual sensitivity and specificity in clinical practice
(35). and some ROC analyses, such as those that rely on the area
under the curve, assume that every location along an ROC curve
is equivalent. For example, if physician a has a sensitivity of
20% and a false-positive rate of 1%, physician b has a sensitivity
of 85% and a false-positive rate of 5%, and physician ¢ has a
sensitivity of 90% and a false-positive rate of 30% (Fig. 1), all
physicians can be said to perform along a single ROC curve,
with each physician using a different threshold to interpret mam-
mograms as abnormal. Although the performance of all three
physicians can be plotted on the same ROC curve, it is not the
case that each point along the curve reflects equally desirable
performance. Yet area under the ROC curve analysis would not
detect differences between these physicians. Specificity will tend
to impact many more individuals than sensitivity. Thus, for phy-
sician ¢, the slightly higher sensitivity needs to be weighed
against the substantially higher false-positive rate, and the
performances of physicians b and ¢ should not be considered
comparable. Lastly, in some instances, a clinically relevant im-
provement in test accuracy (such as an improvement in sensi-
tivity with only a small change in specificity) may not be regarded
as an improvement via a ROC curve analysis, if the curve ap-
pears relatively steep in that region so that both points fall along
the same curve (35). Thus, we used the calculated sensitivity and
specificity of each physician as the important outcome, because
they are clinically relevant and easily understood. We used ROC
curve analysis to determine whether the differences we detected
were caused by threshold differences between physicians. We
have identified physician characteristics that are associated with
accuracy (time since receipt of medical degree and a high focus
on screening mammography). as well as physician characteristics
that are associated with a shift along an ROC curve (high annual
volume).

Our results are consistent with those of previous studies (12,13)
that used practice sets and found that more experienced physi-
cians have lower false-positive rates. Our findings are in contrast
with those of Beam et al. (15) who used a practice set and found
that the most recently trained physicians perform better and that
annual volume is not an important predictor of accuracy. In that
study, physicians’ performance on the practice set differed dra-
matically from what we found in our study using actual clinical
mammograms. The mean sensitivity of mammography was 90%
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in the Beam study (versus 77% with actual clinical mammograms
in our study). and the mean false-positive rate was 38% (versus
10% with actual clinical mammograms in this study). Thus, mam-
mogram interpretation in routine clinical practice appears to differ
substantially from that the testing situation described in the Beam
study (/3) in which the high proportion of cancers probably low-
ers the threshold for interpreting examinations as abnormal
(1,16,17). Additionally, the Beam study’s nonstandard analysis
method (each mammogram, via its BI-RADS score, contributed
several estimates to each physician’s accuracy) could also account
for the differing results. Lastly, given the ROC method used in the
Beam study, the authors could not differentiate physicians who
performed on the same ROC curve—i.e.. who differed in charac-
teristics that influenced the threshold but not the accuracy.

Our results support the three studies of mammographic accu-
racy and volume that used prospectively interpreted clinical data.
Sickles et al. (19) demonstrated that three physicians with special
training in mammography had lower false-positive rates and
higher cancer detection rates than seven general physicians who
each interpreted only sufficient numbers of mammograms to sat-
isfy federal regulations. Kan et al. (/8) demonstrated that the
physicians in British Columbia, each of whom interpreted 2000
4000 mammograms annually, had lower false-positive rates than
physicians who interpreted less than 2000 mammograms annu-
ally or more than 4000 annually. Théberge et al. (36) demon-
strated that radiologists who read more than 1500 mammograms
annually had higher breast cancer detection rates while maintain-
ing lower false-positive rates. Our finding of improved specificity
among more experience physicians agree with those of Barlow
et al. (37). Whereas we found that experienced physicians were
also more accurate, they found that experienced physicians
tended to increase the threshold they used to consider a mammo-
gram abnormal without improved accuracy. Our results also dif-
fered with respect to annual volume. Paralleling the other
measures of experience, we found that increased volume (up to
4000 mammograms per year) is associated with improved speci-
ficity, whereas Barlow et al. found that increased volume is as-
sociated with worse specificity but improved sensitivity. There
are several differences in our research methods that may account
for these differences. First, Barlow et al. used physician’s self-
reported annual volume, rather than actual volume, and physi-
cians may have incorrectly estimated their annual volume. The
physicians in the study of Barlow et al. reported reading many
more mammograms than we found; 25% of physicians read
fewer than 1000 mammograms annually in Barlow’s study com-
pared with 45% in our study. Similarly, whereas 37% of physi-
cians in the Barlow study reported having read more than 2000
mammograms annually, we found only half as many physicians
(21%) read at such high volumes. Although we may have under-
estimated annual volume for physicians who interpret mammo-
grams at facilities that do not participate in the Breast Cancer
Surveillance Consortium, we believe that this would have had
only limited impact on overall estimates of annual volume. Three
of the four registries that we included (Vermont, San Francisco,
and New Mexico) have almost complete population-based cap-
ture of mammograms, and thus we almost certainly captured the
majority of mammograms for those physicians in the study. Sec-
ond, Barlow et al. used broad categories to characterize physician
annual volume, combining all physicians with annual volumes of
more than 2000 into a single category. We found, as have others
(18). that specificity improves as volume increases up to 4000
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mammograms annually but that physicians with volumes of more
than 4000 have worse specificity. Combining all physicians with
volumes of more than 2000 mammograms annually could have
masked trends. Additionally, volume was assessed in only a sin-
gle year in the Barlow study, whereas we averaged physician vol-
ume over 4 years, to account for variability across the years.
Lastly, Barlow et al. used ROC methodology similar to that used
by Beam et al. (15), in which the full range of BI-RADS assess-
ments are analyzed by use of an ordinal regression model rather
than by dichotomizing the interpretation as normal or abnormal
as occurs in clinical practice. Surprisingly, by use of this ROC
methodology, Barlow et al. found that patient age does not im-
pact the accuracy of mammography, which contrasts with our
work and the work of many others (7). These unexpected results
raise questions about the ROC results of that study.

Our study demonstrated that annual mammographic volume,
time since receipt of medical degree, and a focus on screening
mammography are important contributors to mammographic
accuracy. However, these factors did not explain all of the variation
in physician performance. Many other factors potentially contrib-
ute to mammographic accuracy, such as whether physicians regu-
larly assess their outcomes (learn from their mistakes). which
types of ongoing medical education they complete. and perhaps
whether they have concerns about medical malpractice.

We recommend that there be explicit discussion of what the
goals of mammography should be. Should physicians maximize
sensitivity at the expense of having very high false-positive rates
or should they maximize sensitivity while achieving a lower, but
reasonable, false-positive rate? Some of the large variation that
we found among physicians may reflect differences in their indi-
vidual expectations about ideal mammography performance
(with some physicians choosing to emphasize sensitivity at the
expense of very high false-positive rates). If the goal is to maxi-
mize sensitivity while achieving a reasonable false-positive rate,
one action could be to raise the minimum number of mammo-
grams physicians must interpret annually. An argument against
raising the minimum is that this approach would decrease the
supply of physicians who can interpret mammograms. Our data,
however, suggest that the impact would be small if the minimum
level is raised moderately. For example, if the minimum level is
raised to 750 mammograms annually, although 30% fewer physi-
cians would interpret mammograms, only 10% more screening
mammograms would have to be interpreted by the remaining
higher-volume physicians. Although an annual volume of 2500
mammograms seems ideal from a performance perspective if
minimizing the false-positive rate were a goal. this change would
need to occur slowly to prevent a shortage of physicians who
interpret mammograms, A compromise of 1500 mammograms
might be a practical solution because it would probably lead to
a substantial reduction in the false-positive rate (40% in our esti-
mate) yet would not create as much of a burden on the remaining
higher-volume physicians.

A strength of our study is that the data were collected from
actual clinical practice in four geographic areas across the
United States and that 95% of physicians in those areas who
practice at facilities that participate in the Breast Cancer Sur-
veillance Consortium were included in this analysis. A limita-
tion of our study is that we do not know whether greater
experience. higher annual volume, and a greater focus on
screening mammography improve interpretations or whether the
better physicians simply choose to interpret more examinations.
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That is, it is not possible to disentangle what is cause and what
is effect. Nonetheless, physicians who are interpreting more
screening mammograms are doing a better job. Another limita-
tion is sample size: although our sample size was large, it was
not large enough to look separately at ductal carcinoma in situ
and invasive cancer.

Although some variation in physician performance is
inevitable, the degree of variation that we found, particularly for
the false-positive rates, is large. Consequently. finding and im-
plementing interventions to minimize this variation should be a
priority. The false-positive rate in the United States is higher
than that in other countries (38), and it is twice as high as the rate
in the United Kingdom (3), although cancer detection rates are
similar in the two countries. One of the major factors producing
these differences in rates between the United States and the
United Kingdom could be the annual volume of mammograms
interpreted by physicians. The median annual number of mam-
mograms that physicians interpreted in our sample (1053 mam-
mograms) contrasts starkly with the median annual number of
mammograms that physicians interpret in the United Kingdom
(7000 mammograms) (27). In the United States, the minimum
value required by the Mammography Quality Standards Act is
very low, approximately two mammograms per clinical work-
day. and the mean is fewer than five mammograms per clinical
workday. Most factors that influence the sensitivity of mammog-
raphy are not easily modified, e.g., a woman’s age. mammo-
graphic breast density, and a physician’s years of experience.
Physician volume and screening focus can be altered, particu-
larly because the Mammography Quality Standards Act is ac-
tively involved in the monitoring of physician volume. Raising
the annual volume requirements in the Mammography Quality
Standards Act might improve the overall quality of screening
mammography in the United States.
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INTRODUCTION

he provision of screening mammography differs

J Med Screen 2005;12:50-54

To compare the performance of screening mammography in the USA and the UK, a consecutive
sample of screening mammograms was obtained in women aged 50 and older from 1996 to 1999
who participated in the Breast Cancer Surveillance Consortium in the USA (1=978,591) and the
National Health Service Breast Cancer Screening Program in the UK (7= 3.94 million), including
6943 diagnosed with breast cancer within 12 months of screening. Recall rates were defined as the
percentage of screening mammograms with a recommendation for further evaluation including
diagnostic mammography, ultrasound, clinical examination or biopsy, and cancer detection rates
including invasive cancer and ductal carcinoma in site diagnosed within 12 months of a screening
mammogram. All results were stratified by whether examinations were first or subsequent and
adjusted to a standard age distribution. Among women who underwent a first screening
mammogram, 13.3% of women in the USA versus 7.2% of women in the UK were recalled for
further evaluation (relative risk for recall 1.9; 95% CI 1.8-1.9). For subsequent examinations recall
rates were approximately 50% lower, but remained twice as high in the USA as in the UK. A
similar percentage of women underwent biopsy in each setting, but rates of percutaneous biopsy
were lower and rates of open surgical biopsy were higher in the USA. Women undergo screening
approximately every 18 months in the USA and every 36 months in the UK. Based on a 20-year
period of screening, the estimated percentage of women who would be recalled for additional
testing was nearly threefold higher in the USA. The number of cancers detected was also higher in
the USA (55 versus 43), and most of the increase was in the detection of small invasive and in situ
cancers. The numbers of large cancers detected (>2cm) were very similar between the two
countries. Recall rates are approximately two to three times higher in the USA than in the UK.
Importantly, despite less frequent screening in the USA, there are no substantial differences in the
rates of detection of large cancers. Efforts to improve mammographic screening in the USA should
target lowering the recall rate without reducing the cancer detection rate.

results have recently been reported in the Journal of the
American Medical Association.” The results are summarized
with additional analyses herein.

greatly between the USA and the UK. In the USA,
screening is provided in  diverse settings where

women self-refer or are referred by their medical provider.'
In the UK, a single organized screening programme run by
the National Health Service (NHS) provides virtually all
mammographic screening for women aged 50 years or older,
and women of eligible age are invited through population-
based databases to undergo screening.*’ As a result of
differences in the organization of mammography between
the two countries, there are differences in the ages of
women screened, the intervals between mammographic
examinations, the proportion of women recalled for
additional imaging examinations, such as diagnostic mam-
mography, and the methods used to further evaluate
examinations considered suspicious for cancer.*” Differ-
ences in the performance of mammography between
the USA and other countries have been reported.® However,
it is not clear if differences in performance are a reflection
of differences in the age distribution and frequency of
screening between the two populations or are due to
differences in the practice of mammography. We have
compared mammography between the USA and UK and the
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METHODS
Data sources

Data on screening mammography were obtained from the
Breast Cancer Surveillance Consortium (BCSC) in the usa,’
and from the National Health Service Breast Screening
Program (NHSBSP) in the UK.*'® The BCSC is a National
Cancer Institute (NCIj-funded consortium of mammogra-
phy registries in San Francisco (California); Colorado;
New Hampshire; New Mexico; North Carolina; Western
Washington; and Vermont.”'" The registries that participate
in the BCSC are not organized breast screening programmes
(with the exception of the Western Washington registry
based on the programme at the Group Health Cooperative),
but have been funded to collect data on mammography
performance from diverse community-based settings across
the USA. The consortium of registries probably reflects
the current practice of mammography in the USA.">™* The
government-funded NHSBSP provides free breast cancer
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Performance of mammography screening in USA and UK

screening in the UK for women 50 years or older.*'® Women
aged 50-64 years are invited by letter —with an information
leaflet — to attend breast screening every three years through
a system that relies on centralized computer databases. By
1995, the NHSBSP had achieved national coverage.

Results of all screening mammograms in women aged 50
years or older conducted within each setting between 1
January 1996 and 31 December 1999 were included in this
report. The study was approved by the University of
California, San Francisco Institutional Review Board, and
each of the BCSC registries has approval from their
respective IRBs to collect data for research purposes.

Mammogram interpretation

A mammogram was classified as positive (recall) if it was
interpreted as abnormal (BI-RADS 0, 3, 4, 5)'° and a
recommendation for prompt diagnostic imaging, clinical
evaluation, or biopsy was given. Women were considered
to have breast cancer detected if active-case follow-up or
reports from a pathology database or tumour registry showed
invasive carcinoma or ductal carcinoma in situ (DCIS) within
12 months of a positive screening mammogram. Cancers
that occurred within 12 months of a normal interpretation
(false-negative examinations) were not included in this
analysis because they are not routinely collected within the
NHSBSP. As recall and cancer detection rates vary by age and
whether women have undergone previous mammogra-
phy,'"® all analyses were subdivided into first or subse-
quent screening examination and five-year age groups.

Analysis

Recall, non-invasive work-up (ultrasound, diagnostic mam-
mography or other tests, or clinical breast examination) and
biopsy rates were calculated per 100 screening mammo-
graphic examinations, stratified by whether the exam was
first or subsequent and adjusted to a standard age distribu-
tion. The age distributions of the two data sources were
weighed equally to create the standard age distribution.
Each mammogram was counted once when calculating the
non-invasive work-up rate and biopsy rate, even if more
than one test or biopsy was recommended. The percuta-
neous biopsy rate was calculated as the number of fine-
needle aspirations or core biopsies, and the open surgical
biopsy rate was calculated as the number of open surgical
biopsies per 100 mammographic examinations. The open
surgical biopsy rate was subdivided into those that resulted
in a diagnosis of cancer (positive open surgical biopsy rate)
and those that did not result in a diagnosis of cancer
(negative open surgical biopsy rate). The cancer detection
rate was calculated as the number of breast cancers detected
per 1000 examinations. The Cochran-Mantel-Haenszel
method was used to calculate the relative risk (RR) and
95% conflidence interval (CI) of each outcome (recall and
cancer detection) in the USA compared with the UK.
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Since mammography screening is performed more fre-
quently in the USA, one would expect fewer cancers to be
diagnosed per subsequent screening examination in the
USA. To compare cancer detection rates for a similar
screening period, we used a simulation model to estimate
the numbers of cancers detected and women recalled per
1000 women undergoing screening mammography over a
20-year period, assuming a screening interval of 18 months
for the USA and 36 months for the UK. We simulated one
million women beginning screening at age 50 and followed
these women for 20 years of screening at the intervals
specified above. We used our estimated age-specific recall
rates and cancer detection rates based on four years of data,
and we assumed that the likelihood of recall was indepen-
dent from one exam to the next and a woman could have
cancer detected only once over the 18 years of screening.
The method of this modelling was slightly different from
that we have used previously. Specifically, we only included
invasive cancers where the size was known.” SAS version
8.2 (SAS Institute Inc, Cary, NC, USA) was used for all
statistical analyses.

RESULTS

This analysis included nearly five million mammograms: 978,591
from the BCSC and 3.94 million from the NHSBSP, which led to
the diagnosis of 6943 cases of breast cancer among women aged
50 and older.” Recall rates were approximately twice as high in
the USA for first as well as subsequent examinations. Among the
first screening mammograms, 13.3% of women in the USA
versus 7.2% of women in the UK were recalled for further
evaluation, including diagnostic mammography, ultrasound,
clinical examination or biopsy (RR 1.9, 95% CI 1.8-1.9; Table 1).
Recall rates were lower for subsequent examinations but
remained twice as high in the USA: 8.0% versus 3.6% in the
USA and UK, respectively (RR 2.2, 95% CI 2.2-2.3). Biopsy rates
were nearly identical between the two countries. Approximately
2.5% of first and 1% of subsequent screening examinations were
followed by a recommendation for biopsy. Thus, the higher recall
rate in the USA was primarily because of a higher rate of
diagnostic imaging (11.3% versus 4.5% for first examinations
[RR 2.5, 95% CI 2.4-2.6] and 6.9% versus 2.6% for subsequent
examinations [RR 2.7, 95% CI 2.7-2.7] in the USA and UK,
respectively). Although the total biopsy rates were similar in the
two countries, biopsies were more likely to be open surgical
biopsies in the USA (1.15% versus 0.72% for first and 0.33%
versus 0.29% for subsequent exams; Table 2). Most of the
difference in open surgical biopsy rates was among women who
did not have breast cancer; negative open surgical biopsies were
approximately twice as high in the USA (first examinations RR
2.17, 95% CI 1.94-2.42; subsequent examinations RR 2.17,
95% CI 2.03-2.32).

The cancer detection rates increased with age (data not
shown) and were two to three times higher for the first —
compared with subsequent — mammograms in both coun-
tries (Table 3). Despite substantially higher recall rates in the

Table 1 Recall, non-invasive diagnostic testing and biopsy rates (and 95% Cl) per 100 first and subsequent screening

mammograms by seffing and screening cycle

First screening mammogram

UK (95% CI)

Subsequent screening mammogram

RR% (95% CI)

USA (95% Cl) RR% (95% CI) USA (95% Cl) UK [95% Cl)
Recall 13.3 (13.1-13.6) 7.2 (7.07.3) 1.9 (1.8-1.9) 8.0 (7.9-8.1) 3.6 (3.6-3.7) 2.2 (2.2-2.3)
Non-invasive diagnostic tests ~ 11.3 (11.1-11.6) 4.5 (4.4-4.6] 2.5 (2.4-2.6] 6.9 (6.97.0) 2.6 (2.6-2.6) 2.7 (2.7-2.7)
Biopsy 2.4 (2.3-2.8) 2.5(2.5 2.4 0.96 (0.91-1.02) 0.99 (0.97-1.0}  0.96 (0.94-0.98) 1.1 (1.0-1.1)

Relative risk of recall, non-invasive diagnostic testing, and biopsy rates (and 95% CI) are shown comparing the USA with the UK.” Adapted from Table 2, Smith-Bindman et al, 2003.7
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Table 2 Recommended open surgical biopsy rates per 100 screening mammograms, by setting and screening cycle”

First screening mammogram

Subsequent screening mammogram

USA (95% CI) UK (95% CI) RR USA (95% CI) UK [95% CJj RR% (95% Cl)
Open surgical biopsy 1.15(1.1-1.2) 072 (0.67-0.77) 1.62 (1.48-1.77) 0.33 (0.32-0.35] 0.28 (0.27-0.29) 1.16 (1.11-1.22)
Positive open surgical biopsy®  0.31 (0.27-0.36) 0.36 (0.32-0.39] 0.94 (0.80-1.11] 0.11 (0.11-0.12) 0.18 (0.17-0.19) 0.60 (0.55-0.65)
Negative open surgical biopsy’ 0.82 (0.75-0.89] 0.36 (0.33-0.39] 2.17 (1.94-2.42) 0.22 (0.21-0.23) 0.10 (0.10-0.11) 2.17 (2.03-2.32)

The positive and negative open surgical biopsy rate may not sum due to rounding. The specific method of biopsy could be determined for four of the seven BCSC sites and these dala were

used to determine the method of biopsy in the USA,

“Open surgical biopsies that yielded a diagnosis of cancer per 100 mammograms.
‘Open surgical biopsies that did not yield a diagnosis of cancer per 100 mammograms.
Adapted from Table 3, Smith-Bindman et al, 2003.7

Table 3 Cancers detected per 1000 screening mammograms, by seting and screening cycle”

First screening mammogram

Subsequent screening mammogram

USA (95% Cl) UK [?5% Cl) USA (95% Cl) UK [95% ClI)
Cancer 8.6(7.99.4 10.1 (9.4-10.7) 3.6 (3.5-3. 5.4(52-5.5
Invasive 7.26.57.8 8.4 (7.89.0 28 (2729 4314245
In situ 1.5(1.2-1.8 1.6({1.4-1.9 0.83 (0.77-0.90) 0.99 (0.92-1.1)

Adapted from Table 4, Smith-Bindman ef al, 2003.7

Table 4 Estimated number of women with at least one recalled
examination, cancer diug7nosis, or biopsy over 20 years of
screening in each country

Number per
women
screened from
0 years
USA UK
Mean number of months between exams 18 36
Mean number of examinations/woman 13.7 73
Cancers detected 55.1 43.0
In situ 12.3 8.3
Invasive 42.8 34.8
Women recalled 694.3 267.1
Noninvasive diagnostic tests 553 183
Biopsy 142 85
Open surgical biopsy* 54 25

*Open surgical biopsies are a subset of all biopsies.
Adapted from Table 5, Smith-Bindman ef al,, 2003.”

USA, cancer detection rates were similar across settings for
first screening examinations. For 1000 first screening
examinations (8.6%, 95% CI 7.9-9.4 and 10.1%, 95% CI
9.4-10.7), cancers were diagnosed in the BCSC and NHSBSP,
respectively. Cancer detection rates were higher in the UK
for subsequent examinations, probably reflecting less
frequent screening.

To determine if women in the UK are more likely to be
diagnosed with large cancers if routinely screened in each
country, we took into consideration both the types of
cancers detected at each screening examination as well
as the frequency of screening over time (Table 4). Figure 1
shows the cancer rates, by size, for 1000 women who
underwent regular mammographic screening over 20 years
in each country, including 13.7 screening examinations in
the USA and 7.3 screening examinations in the UK. Overall,
more cancers are detected in the USA; approximately 55.1
cancers would be detected in the USA and 43.0 in the UK.
Most of the additional cancers detected in the USA were in
sitt and small invasive cancers. The number of large cancers
detected was very similar between the two countries (8.1
versus 8.7) per 1000 women who underwent screening over
20 years. The higher frequency of screening in the USA
magnifies the difference in the estimated recall rates
between the countries when projected over 20 years. After
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Figure 1 Cancers defected among 1000 women screened for 20
ears in each country. Detailed information on the size of the invasive
reast cancers is only available in the UK from 1998-1999, limiting

the comparison of tumour size to that period. Additionally, invasive

cancers without tumour size were excluded

20 years of screening 1000 women, nearly three times as
many women in the USA are recalled for additional work-
up (694 versus 267, Table 4).

DISCUSSION

In the UK, half as many women are recalled for diagnostic
tests following screening mammograms and half as many
women without breast cancer undergo open surgical biopsies
compared with the USA. However, cancer detection rates are
similar. The goal of any cancer screening effort is to obtain
high cancer detection rates while avoiding unnecessary
diagnostic evaluation following false-positive results that are
costly and associated with psychological morbidity.

We hypothesize several possible explanations for the
dilferences in recall rates between the two countries. First,
in the USA there are much higher rates of malpractice lawsuits
that might lead American radiologists to recall women when
they identify a suspicious finding, even though they may have
a low likelihood of cancer.'®?" While this is often said to be a
possible explanation of the high recall rate in the USA, there
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has been no study linking the malpractice environment to
physician performance. Second, compared with their UK
counterparts American physicians are low-volume readers,
and on average read approximately 10-20% of the number of
mammograms read annually by UK physicians. Increased
volume has been associated with lower recall.'®' Third,
although over 90% of programmes in the UK use double
reading, this practice is much less common in the USA and
some evidence suggests that double reading by consensus or
arbitration as used in the UK raises detection rates and
decreases recall rates.®*?* Lastly, and perhaps most impor-
tantly, quality assurance standards for the NHSBSP pro-
grammes are set nationally and are regularly monitored
through a quality assurance network. Ranges of acceptable
values for recall, biopsy and cancer detection rates have been
established, and an organized programme operates at local and
national levels to monitor and achieve these target values.>**
Furthermore, there is an organized programme of professional
development in the UK that provides instruction and
individual feedback regarding recall and cancer detection
rates, using a set of test mammography cases called PER-
FORMS.** No comparable programme exists in the USA, but
one is being developed by the American College of Radiology.

Screening mammography is performed more frequently
in the USA than the UK. More frequent screening probably
translates into smaller average cancer size at diagnosis.
However, despite screening every three years instead of
every one to two years, the rates of large tumours were
fairly similar in the USA and UK (8.1 versus 8.7 per 1000
women screened for 20 years). There were substantially
more in situ and small invasive cancers detected in the USA,
yet this was not associated with as large a reduction in the
number of advanced cancers, raising the possibility that in
sitw and early-stage cancers may be overdiagnosed in the
USA. This study is unable to determine what impact the
higher rate of diagnosis of in situ and small invasive cancers
will have on mortality.

The main limitation of our study is that we cannot be
certain that our definition of screening mammography was
the same across both settings. Specifically, we do not know if
misclassification of diagnostic examinations as screening
examinations occurred to a greater extent in American
women, and might account for a higher recall rate. A higher
proportion of diagnostic mammograms among American
women would, however, produce a substantially higher
cancer rate in the USA setting,?*?” which we did not find.
We should also note that our estimation of the total cancers
detected over 20 years was based on only four years of
screening data, and the assumptions of the model were
simplistic. However, our estimated recall rates are similar to
the results found by others.?®2? By pooling data within each
programme, we have ignored variations by region, physi-
cian and other variables in each programme,?**!' Lastly,
although the data from the UK include virtually all
mammographic screening performed in that country, the
USA data reflect only a small percentage of mammography
performed in the USA. However, prior analyses of these data
have found that women participating in the BCSC are
similar to women in the USA in general.

We compared cancer detection rates between the two
countries, a widely used measure of mammography perfor-
mance, as it closely approximates the total cancer rates,*!">?
Age-adjusted cancer rates have been noted to be signifi-
cantly higher in the USA,** thus one would expect that in
the USA the number of cancers detected would be higher.
The number of cancers detected at each screening examina-
tion is higher in the UK (Table 3), whereas the number of
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cancers detected over two decades of screening is higher in
the USA (Table 4). There were more cancers detected in the
USA over the two decades of screening because women are
exposed to more frequent screening examinations,

What can be done? The USA has demonstrated dramatic
improvement in the technical components of mammo-
graphy through regulations and oversight provided by
Mammography Quality Standards Act (MQSA). Similar
quality improvement could be targeted to the interpretative
component of mammography. Specific interpretive goals
and benchmarks of screening mammography could be set
and developed within the radiological professional societies
with oversight by MQSA. It seems that, unless specific
benchmarks of physician performance are set and physician
evaluation embraced, a major opportunity will be lost to
further improve this aspect of the performance of screening
mammography in the USA.

In the UK, the NHSBSP has set and reached targets that
emphasize high rates of cancer detection and low recall.
Recall rates in the UK are now substantially lower than in
the USA without large differences in cancer detection. We
believe this success stems primarily from a centralized
programme of continuous quality improvement. Screening
women aged 50-69 years biennially and reducing recall
rates could substantially reduce the cost of mammography,
as well as associated anxiety caused by false-positive
diagnoses.”*** Efforts to improve USA mammographic
screening should be targeted to lowering the recall rate
without substantially lowering the cancer detection rate.
The current MQSA standards could be revised to include
guidelines that emphasize high standards on interpretation.
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BACKGROUND. It is unknown whether differences in the quality of breast cancer
care among women from racial and ethnic minority groups, the elderly, and rural
areas have changed over time across the continuum of care.

METHODS. The linked Surveillance, Epidemiology, and End Results-Medicare da-
tabase identified 22,701 women ages 6679 years diagnosed with early stage breast
cancer from 1992-1999. Multiple breast cancer processes of care were measured,
including breast-conserving surgery, radiation therapy, documentation of estrogen
receptor status, surveillance mammography, and a combined measure of “ade-
quate care”.

RESULTS. African-American and Hispanic women were significantly less likely to
receive adequate care than White women in unadjusted comparisons (54.7% and
58.0% vs. 68.4% for African-American and Hispanic vs. White women} and adjusted
comparisons (adjusted odds ratio [AOR] 0.67; 95% confidence interval [95% CI]
0.59~0.76, and AOR 0.77; 95% CI 0.66-0.90 for African-American and Hispanic
women, respectively). The proportion of Asian/Pacific Islander women receiving
adequate care was similar to White women. When considering only women diag-
nosed with breast cancer from 1997-1999, African-American women remained less
likely than White women to receive adequate care (AOR 0.63; 95% CI 0.50-0.79).
Women ages 75-79 years were less likely to receive adequate care compared with
women ages 66—69 years (AOR 0.74; 95% CI 0.69-0.80), and women from rural (vs.
metropolitan) areas were less likely to receive adequate care (AOR 0.81; 95% CI
0.73-0.89).

CONCLUSIONS. The quality of breast cancer care is lower among vulnerable pop-
ulations across the continuum of care, and many of these differences have not
improved in more recent years. Cancer 2005;104:2347-58.

© 2005 American Cancer Society.

KEYWORDS: breast cancer, therapy, African Americans, Hispanic Americans, Asian
Americans, physician’s practice patterns, women’s health.

ubstantial racial and ethnic differences in breast cancer outcomes

and the use of healthcare services have been observed. African-
American women have a lower incidence of breast cancer, but death
rates among African-American women are higher than White women,
and the mortality gap has increased.' African-American women have
been less likely to receive radiation therapy (XRT) compared with
White women,?? a treatment difference that may partly explain these
differences in breast cancer mortality. Hispanic and Asian/Pacific
Islander women in the United States both have been less likely to
receive breast-conserving surgery (BCS) surgery,*” a treatment differ-
ence that may adversely impact their quality of life (QOL). Other
vulnerable populations are also more likely to receive inadequate care

Published online 6 October 2005 in Wiley InterScience (www.interscience.wiley.com).
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for breast cancer, including the elderly, women who
live in rural areas, and women of lower socioeconomic
status.5~®

To understand the reasons for differences in can-
cer outcomes, it is important to assess the quality of
breast cancer care. When assessing the quality of
breast cancer care, process measurements have the
advantage of occurring more frequently than mortality
and of being potentially modifiable within the context
of the healthcare delivery system.” The Institute of
Medicine (IOM) report, Ensuring Quality Cancer
Care,'” stressed the importance of delivering high-
quality services across the full span of the cancer care
continuum. We sought to evaluate differences in
breast cancer treatment and surveillance as a way to
characterize differences in the quality of breast cancer
care across as broad a spectrum of healthcare services
as possible,

Several evidence-based guidelines regarding ap-
propriate treatment processes for early stage breast
cancer have been published that enable evaluation of
the quality of breast cancer care. Breast-conserving
treatment (including both BCS and XRT) was recom-
mended by the 1990 National Institutes of Health
Consensus Panel as preferable to mastectomy because
of equivalent survival and improved QOL."" BCS with-
out XRT is considered inadequate because BCS is as-
sociated with a higher cancer recurrence rate without
radiation. Because assessment of estrogen receptor
(ER) status is necessary to determine whether chemo-
therapy is appropriate, the adequate documentation
of ER status can also be used to measure quality.
Finally, the quality of care provided in the survivorship
phase of cancer is important, as many cancer patients
live for years after initial treatment. Surveillance mam-
mography on an annual basis after diagnosis with
breast cancer is recommended as a clinical guide-
line."

By using part of the framework implemented in
the National Healthcare Disparities Report, we set out
to describe differences in the use of breast cancer care
by vulnerable “priority” populations.'® These popula-
tions include women from racial and ethnic minori-
ties, the elderly, rural populations, and low-income
groups. We planned to expand and update previous
knowledge regarding differences in the quality of
breast cancer care among these populations using the
most recent information available. We used popula-
tion-based data from the Surveillance, Epidemiology,
and End Results (SEER)-Medicare program that in-
cludes breast cancers diagnosed from 1992 to 1999
and treated through 2002.

MATERIALS AND METHODS

Data Source

The SEER-Medicare database used for this analysis
was created as a collaborative effort of the National
Cancer Institute, SEER program, and the Centers for
Medicare and Medicaid Services (CMS) to create a
population-based source of information for cancer-
related research. The SEER cancer registries identified
all incident breast cancer diagnoses in selected areas
from 1992 to 1999 and provided diagnostic and treat-
ment information within 4 months after the date of
diagnosis. The Medicare files provided claims infor-
mation about breast cancer treatment (including pri-
mary breast cancer treatment that may not have been
captured in the SEER data) and surveillance after di-
agnosis through 2002. The process for linking these
data has been described by Warren et al.'"* The SEER
program includes population-based tumor registries
in several geographic areas and covers approximately
14% of the U.S. population.

Study Population
Women ages 66 to 79 years who were diagnosed with
Stage 1 or II breast cancer from 1992 to 1999 were
included in our study. We included women beginning
at age 66 years so that there would be at least 1 year of
Medicare claims before diagnosis by which to assess
comorbidity. We excluded women older than age 79
years because of more uncertainty regarding appro-
priate care among these women, and we also excluded
women with tumors > 5 c¢m because neoadjuvant
chemotherapy, as opposed to surgery, is commonly
the first course of treatment for these women.
Women were excluded who were diagnosed with
another cancer before, or within 2 years after, the
incident breast cancer to ensure all treatment was
intended for the identified breast cancer. Medicare
does not receive individual billing claims for patients
enrolled in HMO plans, and healthcare coverage may
be provided as part of either Medicare Part A or B.
Therefore, women were excluded who had HMO cov-
erage or were not covered by both Parts A and B of
Medicare 1 year before, or 2 years after, diagnosis with
breast cancer. Finally, we excluded those women who
died during the period when they were eligible for
treatment.

Predictors

Race or ethnicity was defined as non-Hispanic White,
African-American, non-Hispanic; Hispanic, Asian/Pa-
cific Islander, Native American, or other/unknown us-
ing the recoded SEER race variable.'® Hispanic women
were identified by SEER through an algorithm that
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Operational Definitions of Breast Cancer Processes of Care
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Breast cancer process of
care SEER

Medicare

Breast-conserving surgery
specified
Mastectomy

Radiation therapy

Estrogen receplor status Data from SEER

Surveillance mammography

segmental/subtotal mastectomy, lumpectomy, quandrantectomy, tylectomy, wedge
resection, nipple resection, excisional biopsy, or partial mastectomy, not otherwise

subcutaneous, total (simple), modified radical, radical, or extended radical mastectomy

Beam radiation, radioactive implants, radioisotopes, or other radiation

1ICD-9-CM procedure codes: 85.20-85.23
CPT codes: 19120, 19125, 19126, 19160, 19152

1CD-9-CM procedure codes: 85.41, 854.2,
854.3, 85.44, 85.45-85.48

CPT codes: 19240, 19220, 19180, 19182

1CD-8-CM procedure codes: 92.21-92.29

Revenue center codes: 0330, 0333

CPT codes: 77401-77499, 77750-77799

CPT codes: 70690-76092

1CD-8-CM: Intemnal Classification of Disease, th revision, Clinical Modification; CPT: Current Procedural Terminology.

uses Spanish surnames. Other categories of race/eth-
nicity were determined by SEER from medical records
and registration information. The Asian/Pacific Is-
lander category includes Chinese, Japanese, Filipino,
and Hawaiian women.

Age was calculated from the patient’s birth date
using SEER and then grouped into 5-year categories.
Rural residence was obtained from SEER and dichot-
omized by designating the assigned area as rural
(county either distant or adjacent to a metropolitan
area, and including counties with a population of
= 20,000) or metropolitan (county in a metropolitan
area, and including areas with a population of
= 250,000). Socioeconomic status was obtained from
SEER by using median income in the patient’s census
tract; if census tract information was missing, then
median income in the patient’s zip code was used.'®

Individual year of diagnosis, SEER region, tumor
size, and American Joint Committee on Cancer tumor
stage were obtained from SEER and included as cate-
goric predictors of cancer treatment. Comorbidity was
measured with a Charlson-based comorbidity index
derived from Medicare inpatient and outpatient
claims. This index has previously been shown to be
predictive of 2-year mortality and the receipt of less
aggressive therapy, specifically BCS without XRT.!®

Processes of Care

Surgery receipt was measured using information from
both SEER and Medicare.>'™'? Surgery was consid-
ered to occur if it was noted in either SEER or Medi-
care (Table 1). In cases of disagreement concerning
type of surgery, the most invasive surgery (mastec-
tomy) noted in either SEER or Medicare was used.
Radiation therapy receipt was measured using infor-
mation from both SEER and Medicare®”?! (Table 1). If

XRT was noted to occur in either SEER or Medicare,
then it was considered to have occurred. Treatment
with both surgery and XRT were measured within a
6-month interval after breast cancer diagnosis.

Estrogen receptor status documentation was mea-
sured using SEER data alone, as this information is not
available in Medicare. ER status was categorized as 1)
positive, 2) negative, 3) borderline, 4) not done, 5)
ordered but no result recorded in chart, and 6) un-
known or not documented in patient records. These
categories were collapsed and dichotomized into ad-
equate (Categories 1-3) and inadequate (Categories
4-6) ER status documentation.

Mammography surveillance was measured by us-
ing information from Medicare alone. For each pa-
tient, mammograms that occurred within the first 6
months after initial surgical treatment were consid-
ered part of the treatment period, and mammograms
that occurred 7-18 months after initial surgical treat-
ment were considered to have occurred for surveil-
lance.** All mammograms performed within the first
3-5 years after a breast cancer diagnosis are labeled as
diagnostic, and therefore, we included all billing codes
that may have been used to identify a mammogram
(Table 1).

Adequate care was defined as either the receipt
of XRT among women receiving BCS, or the receipt
of mastectomy. In addition, adequate care was de-
fined as adequate documentation of ER status and
the receipt of surveillance mammography among all
women. Therefore, a woman was defined as receiv-
ing adequate care if she received all of the following:
either mastectomy or BCS with XRT, adequate doc-
umentation of ER status, and surveillance mam-
mography.
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Analysis

We calculated the proportion of women receiving BCS
among women with Stage I or II breast cancer. XRT is
recommended for women undergoing breast-conserv-
ing treatment, and thus, we calculated the proportion
of women receiving XRT only among women who had
received BCS. Both the proportion of women with
adequate documentation of ER status and surveillance
mammography were calculated among all women
with Stage I or II breast cancer who underwent sur-
gery. The proportion of women with adequate care
was calculated among all women with Stage I or 11
breast cancer. Changes over time in each breast can-
cer process of care among different racial and ethnic
groups were charted with moving 3-year averages.
Changes over time by year in the overall proportion of
women receiving each process of care were evaluated
for statistical significance using a nonparametric test
for trend across ordered groups.*

We evaluated the associations among race/eth-
nicity, age, and rural status, and the receipt of each
breast cancer process of care (BCS, XRT, adequate
documentation of ER status, mammography surveil-
lance) and adequate care using chi-squared tests. By
using all of the predictors and covariates previously
described, we created multivariate logistic regression
models for the outcomes of receipt of BCS, XRT, and
adequate care. Similar logistic regression models were
developed for the outcomes of adequate documenta-
tion of ER status and surveillance mammography, but
these models excluded clinical predictors of tumor
size and stage, as women should receive these care
processes regardless of tumor size or stage.

All multivariate logistic regression models were
repeated, including median area level income as a
predictor to determine whether socioeconomic status
affects racial/ethnic, age, or rural differences in breast
cancer care. Income was modeled as a continuous log
term. Potential interactions between race/ethnicity
and age, as well as race/ethnicity and income, were
tested; there were no significant interactions in either
case, and therefore, no interaction terms were in-
cluded in the final models. Finally, all logistic regres-
sion models were repeated and limited to breast can-
cer diagnoses from 1997 to 1999 for the purpose of
determining if any observed patterns of care persisted
at the end of the decade.

RESULTS

There were 22,701 women ages 66-79 years diagnosed
with early stage breast cancer from 1992 to 1999, in-
cluding, 1137 African-American, 727 Hispanic, and
772 Asian/Pacific Islander women (Table 2). The ma-
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TABILE 2
Patient Characteristics of Women with Early-Stage Breast Cancer
No. of women Percentage
Race
White 19804 7.2
African-American 1137 5.0
Hispanic 727 32
Asian/Pacific
Islander 772 34
Native American 39 0.2
Other/unknown 22 10
Age in yrs
66-69 6395 282
70-74 8A62 39.0
7579 7444 328
Geography
Rural 3830 169
Metropolitan 18871 83.1
SEER site
Atlanta 1309 5.8
Connecticut 3038 134
Detroit 36593 163
Hawai 614 27
[owa 3321 146
Los Angeles 3498 154
New Mexico 896 40
San Francisco 1599 7.0
San Jose/Monterey 1050 46
Seattle 2588 114
Utah 1095 48
AJCC tumor stage
Stage I 14926 65.8
Stage II ik 4.2
Tumor size
<Zcm 15634 689
2-5cm GBE6 302
unknown 201 0.9
Comorbidity index
0 18150 80.0
| 3m 144
2 671 30
=3 177 0.8
unknown 432 19
Median income
mean (SD) $24,685 (525,203)
Year of diagnosis

1992-1999 cases/yr range 2,?22-—3,092}'3?93:

AJCC: American foint Committee on Cancer.

jority of women (83.1%) lived in metropolitan areas,
and most were diagnosed with Stage I tumors (65.8%)
and tumors <2 cm in size (68.9%).

Almost half (48.8%) of women received BCS, and
among women who received BCS, 88.1% received XRT
(Table 3). Among women who did not receive BCS, 45
(0.4%) had no surgery identified. Greater than 80% of
women had adequate documentation of ER status or
surveillance mammography after breast cancer sur-
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TABLE 3
Proportion of Women Receiving Breast Cancer Processes of Care by Race/Ethnicity, Age, and Rural Status
Breast-conserving treatment
Breast-conserving Adequate ER Surveillance
surgery Radiation therapy documentation mammography Adequate care
No. of women eligible 22,701 11,086 22,656 22,656 22,701
o P value % P value T Pvalue % P value % Pvalue
All women 48.8 88.1 82.2 85.3 67.3
Race/ethnicity
White (reference group) 491 489 82.7 86.0 68.4
Alrican-American 493 0.93 79.9 < 0.001 75.8 < 0.001 78.7 < 0.001 54.7 < (.001
Hispanic 46.1 0.11 84.1 0.008 76.0 < 0.001 793 <0.001 58. < 0.001
Asian/Pacific Islander 430 0.001 849.6 0.73 86.3 0.005 84.2 (.15 714 0.08
Age in yrs
66-69 (reference group) 499 91.9 82.2 872 69.7
T0-74 49.2 0.43 90.4 0.03 819 0.62 86.3 0.12 68.5 0.12
75-79 475 0.005 820 < 0.001 82.5 0.67 82.5 <0.001 63.7 < 0.001
Geography
Metropolitan 51.6 88.4 85.1 6.4
Rural 351 < (.001 85.9 0.009 < 0.001 859 0.2 713 < 0.001

ER: estrogen receptor.
All proportions are adjusted to a standard age distribution. P values are from Pearson chi-sguare test.

P value < 0.05 means that the group is different from the referent.

gery. By using a composite measure to aggregate in-
dividual processes of care, approximately two-thirds
(67.3%) of women received adequate care.

Race and Ethnicity

Breast-Conserving Surgery

Asian/Pacific Islander women were significantly less
likely to receive BCS compared with White women in
both unadjusted (43.0% vs. 49.1%, Table 3) and ad-
justed comparisons (OR 0.52; 95% CI 0.43-0.63; Table
4). Hispanic women were not significantly less likely to
receive BCS than White women in unadjusted com-
parison (46.1% vs. 49.1%, P = 0.11), but, in adjusted
comparison (OR 0.85; 95% CI 0.72-0.99), this differ-
ence became statistically significant (P = 0.046). Afri-
can-American women were no less likely to receive
BCS than White women.

Radiation Therapy

Among women who received BCS, African-American
and Hispanic women were significantly less likely to
receive XRT compared with White women in unad-
justed (79.9% and 84.1% vs. 88.9% for African-Ameri-
can and Hispanic vs. White women) and adjusted
comparisons (OR 0.55; 95% CI 0.44-0.70, and OR 0.68;
95% CI 0.50-0.94 for African-American and Hispanic
women, respectively). Asian/Pacific Islander women
were no less likely to receive XRT than White women.

Estrogen Receptor Status

Hispanic women were significantly less likely to have
adequate documentation of ER status compared with
White women in unadjusted (76.0% vs. 82.7%) and
adjusted comparisons (OR 0.82; 95% CI 0.69-0.99).
Similarly, African-American women were less likely to
have adequate documentation of ER status than White
women in unadjusted (75.8% vs. 82.7%) and adjusted
comparisons (OR 0.87; 95% CI 0.75-1.00), although for
the adjusted comparison, this difference bordered on
statistical significance (P = 0.057). Asian/Pacific Is-
lander women were more likely to have adequate doc-
umentation of ER status than White women in unad-
justed comparison (86.5% vs. 82.7%), but this
difference was no longer present in adjusted compar-
ison (OR 0.87; 95% CI 0.67-1.11).

Surveillance Mammography

African-American and Hispanic women were signifi-
cantly less likely to receive surveillance mammogra-
phy than White women in unadjusted (78.7% and
79.3% vs. 86.0% for African-American and Hispanic vs.
White women) and adjusted comparisons (OR 0.58;
95% CI 0.50-0.68, and OR 0.73; 95% CI 0.60-0.88 for
African-American and Hispanic women, respectively).
Asian/Pacific Islander women were no less likely than
White women to receive surveillance mammography.
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TABLE 4
Likelihood of Receiving Breast Cancer Processes of Care among Women Diagnosed with Breast Cancer from 1992 to 1999
Breast-conserving surgery Radiation therapy Adequate ER documentation Surveillance mammography Adequate care
AOR® 95% CI AOR*  95% CI AOR" 95% CI AOR® 95% CI AOR*  95% CI
Race/ethnicity
White referent referent referent referent referent
African-American 1.03 (0.91-1.18) (.55 (0.44-070)° 087 [0.75-1.00} 0.58 (0.50-0.68)° 067  (0.55-0.76)°
Hispanic 0.85 {0.72-0.99)° (.68 [0.50-0.94)°  0.82 (0.69-0.99)° 0.73 (0.60-0.88) ¢ 0.77  (0.66-0.90)¢
Asian/Pacific [slander  0.52 (0.43-0.63)° 0.76 (048-121) 087 (0.67-1.11) 1.08 (0.83-1.39) 106 {0.86-1.29)
Age in yrs
6669 referent referent referent referent referent
T0-74 0.92 (0.86-0.99) 0.82 {0.70-097" 097 (0.89-1.06) 0.91 {0.82-0.99)" 094 {087-101)
75-79 (.85 {0.79-0.92) 0.40 {0.3¢-047° 100 (0.92-1.10) 0.67 (0.61-0.74)° 074 (0.69-0.80)°
Geography
Metropolitan referent referent referent referent referent
Rural 0.72 (0.65-0.79)" 0.75 (0.60-092)°  0.67 (0.59-0.77)° 093 (0.82-1.06) 0.81  {0.73-0.89)°

ER: estrogen receptor; AQR: adjusted odds ratio; 5% CL: 95% confidence interval,

* Regression model adjusted for year of diagnosis, SEER region, Charlson-based comorbidity index, tumor size, and stage.

" Regression model adjusted for year of diagnosis, SEER region, and Charlson-based comorbidity index.
© Significant at P < 0.05.
4 Significant at P < 0.01,
“ Significant at p < 0.001

Adequate Care

African-American and Hispanic women were signifi-
cantly less likely to receive adequate care than White
women in unadjusted (54.7% and 58.0% vs. 68.4% for
African-American and Hispanic vs. White women) and
adjusted comparisons (OR 0.67; 95% CI 0.59-0.76, and
OR 0.77; 95% CI 0.66-0.90) for African-American and
Hispanic women, respectively). Asian/Pacific Islander
women were no less likely than White women to re-
ceive adequate care.

Age

The receipt of most breast cancer processes of care
declined with increasing patient age. Comparing
women ages 75-79 years to women ages 66—69 years,
there was a modest difference in receipt of BCS (OR
0.85; 95% CI 0.79-0.92, Table 4). Women aged 75-79
years were substantially less likely to receive XRT than
women aged 66-69 years (OR 0.40; 95% CI 0.34-0.47).
There was no significant difference in adequate doc-
umentation of ER status, but there was a significant
difference in surveillance mammography between
women ages 75-79 years and those ages 66—69 years
(OR 0.67; 95% CI 0.61-0.74). Overall, the receipt of
adequate care was lower among older (75-79 yrs) than
younger (66—69 yrs) women (OR 0.74; 95% CI 0.69-
0.80).

Rural
Women from rural areas were significantly less likely
than women from metropolitan areas to receive BCS

(OR 0.72; 95% CI 0.65-0.79, Table 4), XRT (OR 0.75;
95% CI 0.60-0.92), and adequate documentation of
ER status (OR 0.67; 95% CI 0.59-0.77). Rural women
were no less likely than metropolitan women to re-
ceive surveillance mammography. Overall, rural
women were less likely to receive adequate care than
metropolitan women (OR 0.81; 95% CI 0.73-0.89).

Income
Including median area level income in the multivari-
ate regression models did not significantly alter results
among African-American women (results not shown
in table). African-American women remained signifi-
cantly less likely than White women to receive XRT
(OR 0.62; 95% CI 0.48~0.79), surveillance mammogra-
phy (OR 0.65; 95% CI 0.55-0.77), and adequate care
(OR 0.72; 95% CI 0.63-0.82). Among Hispanic women,
adjusting for median area level income attenuated the
results. Hispanic women were no longer significantly
less likely than White women to receive BCS (OR 0.93;
95% CI0.79-1.10), XRT (OR 0.74; 95% CI 0.53-1.03), or
adequate documentation of ER status (OR 0.84; 95%
CI 0.70-1.01). Yet Hispanic women remained signifi-
cantly less likely to receive surveillance mammogra-
phy (OR 0.77; 95% CI 0.63-0.93) and overall adequate
care than White women (OR 0.81; 95% CI 0.69-0.95).
Lower use of breast cancer processes of care among
older women and rural women also persisted after
adjusting for income.

When we considered median area level income
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directly, we found that women living in areas of higher
socioeconomic status were more likely to receive most
processes of care. For every 25% increase in income,
women had 7% greater odds of receiving BCS, 5%
greater odds of receiving XRT, 4% greater odds of
surveillance mammography, and 3% greater odds of
receiving adequate care. There was no greater likeli-
hood of adequate documentation of ER status with
increasing income.
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FIGURE 1. Breast cancer processes of care by race and ethnicity over time.

Time Trends

The proportion of women who received every breast
cancer process of care, as well as adequate care, in-
creased over time between the periods of 1992-1994
and 1997-1999 (Fig. 1). The receipt of BCS increased
from 40.8% to 56.5%. The receipt of XRT (among
women who received BCS) increased from 86.1% to
89.0%, the adequate documentation of ER status in-
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TABLE 5
Likelihood of Receiving Breast Cancer Processes of Care among Women Diagnosed with Breast Cancer from 1997 to 1999
Breast-conserving Adequate ER Surveillance
surgery Radiation therapy documentation mammography Adequate care
No. of women
eligible 8319 4678 8300 8300 8319
AOR"  95% CI AOR* 95% CI AOR® 95% CI AOR® 95% CI AOR* 95% CI
Race/ethnicity
White referent referent referent referent referent
African-American ~ 1.08 (0.86-1.35) 0.48 (0.33-0.70)° 0.70 (054-0.91) 0.58 (0.43-0.78)° 0.63 (0.50-0.79)¢
Hispanic 1.04 (0.680-1.36) 0.94 (0.55-1.60) 0.87 (0,63-1.20) 0.84 (0.59-1.20) 0.90 (0.69-1.18)
Asian/Pacific
Islander 0.61 (0.45-0.83)" 0.77 (0.38-1.53) 0.92 (0.62-1.38) 1.28 (0.83-1.99) 1.16 (0.84-1.60)
Age in yrs
66-69 referent referent referent referent referent
T0-74 0,90 (0.80-1.01) 0.94 (0.73-1.22) 1.05 [0.90-1.23) 0.87 (0.73-1.05) 1.00 (0.88-1.13)
7579 0.85 (0.76-0.96)° 0.48 (0.38-0.62)° 1.03 (0.88-1.21) 0.65 (0.54-0.78)" 0.76 [0.67-0.86)°
Geography
Metropolitan referent referent referent referent referent
Rural 0.74 (0.64-0.87)° 0.69 (0.50-0.95) 0.71 {0.56-0.89) 1.06 (0.84-1.34) 0.89 (0.75-1.05)
Median income
25% increase 1.06 (L.03-1.09)" 1.03 (0.98-1.08) 1.02 (0.99-1.06) 105 (1.01-1.09)" 1.04 (L01-1.07)°

ER: estrogen receptor; AOR: adjusted odds ratio; 35% CI: 95% confidence interval.

* Regression model adjusted for median area level income, year of diagnosis, SEER region, Charlson-based comorbidity index, tumor size, and stage.
" Regression mode] adjusted for median area level income, year of diagnosis, SEER region, and Charlson-based comorbidity index.

© Significant at P < 0.05.
4 Significant at P < 0.01.
© Significant at P < 0,001

creased from 79.3% to 85.1%, and surveillance mam-
mography increased from 82.8% to 88.4%. The pro-
portion of women who received adequate care
increased from 63.0% to 72.1%. The change over time
by year was significant for every breast cancer process
of care measured (P < 0.001).

Recent Breast Cancer Diagnoses

Many important differences among vulnerable pop-
ulations persisted at the end of the decade. All dif-
ferences between African-American and White
women in breast cancer care remained significant
when considering only breast cancers diagnosed
from 1997 to 1999 (Table 5). In addition, differences
in the adequate documentation of ER status be-
tween African-American and White women became
statistically significant in adjusted comparison only
when considering more recent cancer diagnoses
(OR 0.70; 95% CI 0.54-0.91). However, there were
no longer significant differences between Hispanic
and White women in adequate care, or any individ-
ual process of care, when considering only more
recent breast cancer diagnoses. As before, there was
no significant difference in adequate care between
Asian/Pacific Islander and White women diagnosed
with breast cancer from 1997 to 1999. Among

women from rural areas, lower use of individual
processes of care was unchanged, although overall,
rural women were no longer significantly less likely
to receive adequate care. Age-related patterns of
care remained largely the same when only more
recent years were considered.

DISCUSSION

Breast cancer care across the continuum of cancer
treatment and surveillance outlined here has im-
proved over time. Yet despite these improvements,
only 67.3% of women received adequate care. There
also remain significant gaps in the quality of care
among vulnerable populations. African-American
women were significantly less likely to receive ade-
quate care compared with White women, and this gap
persisted or worsened among women diagnosed with
breast cancer later in time (1997-99). Gaps in quality
of care among the elderly and women from rural areas
and areas of lower socioeconomic status also persisted
at the end of the decade.

Racial and Ethnic Differences

Asian/Pacific Islander women were less likely to re-
ceive BCS, but they were no less likely to receive any
other breast cancer process of care. Lower rates of BCS



have been observed previously among Asian/Pacific
Islander women in California,*® but the Asian/Pacific
Islander population of our study is notably different
because it includes women from other regions, includ-
ing Hawaii. Hispanic women were also less likely to
receive BCS; a similar pattern of lower use was ob-
served previously in California.*

African-American and Hispanic women were less
likely to receive XRT, although this difference did not
persist among Hispanic women at the end of the de-
cade. These racial and ethnic differences in XRT are
consistent with a previous study that used data from
SEER registries alone.*® Differences in receipt of XRT
among women with early stage breast cancer is im-
portant because XRT appears to have a mortality ben-
efit,”® although adequate numbers of older women
have not been studied.*® A recent study found that
African-American women had higher mortality after
breast cancer than White women after adjustment for
prognostic factors,”” and we would suggest that racial
differences in treatment may contribute to these mor-
tality differences.

African-American and Hispanic women were less
likely to receive both adequate documentation of ER
status and surveillance mammography. To our knowl-
edge, previous studies have not addressed racial or
ethnic differences in the documentation of ER status.
A racial difference in mammography after surgery for
carly stage breast cancer was previously observed in
1991.%8

When we considered only women diagnosed with
breast cancer from 1997 to 1999, African-American
women remained less likely than White women to
receive adequate care and became significantly less
likely to have adequate documentation of ER status.
When we considered more recent diagnoses among
Hispanic women, however, differences in care were no
longer present, which suggests that breast cancer care
may have improved among this population during the
course of the decade.

Age Differences

Age-related patterns of care can be difficult to inter-
pret in terms of appropriateness because of the low
proportion of women older than age 70 years who
enroll in clinical trials. Nonetheless, XRT is currently
considered to be a necessary component of breast-
conserving treatment,"' and we found that XRT de-
creased with increasing age. Declining use of XRT with
advancing age has been observed previously and as-
sociated with patient preferences.?” Potential exists for
both undertreatment among healthy older women, as
well as overtreatment among the frail elderly.
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Rural Differences

Women who live in rural areas were less likely to
receive BCS and XRT. These findings are consistent
with a previous study” and likely reflect multiple fac-
tors, including barriers to travel in rural areas that
make access to XRT more difficult. In contrast, rural
differences in surveillance mammography were not
significant. Mammography examinations may not be
influenced by the same geographic factors as more
intensive therapies.

Socioeconomic Differences

Previous research has suggested that racial differ-
ences in breast cancer treatment may be explained
by socioeconomic status.?* In our study, racial dif-
ferences in breast cancer care did not change sub-
stantively when adjusted for median area level in-
come. These findings likely differ from others
because our study included multiple population-
based cancer registries® and measured a different
spectrum of breast cancer processes of care.’® His-
panic women were no longer significantly less likely
to receive many processes of care when we adjusted
for income, which suggests that differences in so-
cioeconomic status or social class®’ may play a
larger role in treatment differences among this pop-
ulation.

Lower median area level income was indepen-
dently associated with lower use of most breast
cancer processes of care. Although culture is com-
monly associated with race or ethnicity, there may
also be a “culture” of poverty—denoting shared be-
liefs and behaviors—that influences patients’
choices of specific treatments.*> Because median
income was measured at the level of the census tract
or zip code, these findings suggest that the socio-
economic status of the community in which a per-
son lives is related to the quality of healthcare de-
livered to individuals in that community.

Explanations for Differences

Potential explanations for differences in patterns of
care among vulnerable populations include poor
healthcare access, regional variations, or a higher
disease burden among these populations. Poor
healthcare access, as measured by insurance cover-
age, was not clearly evident here given that all
women were covered by Medicare Parts A and B.
Differences in cancer care between similarly insured
African-American and White patients have been ob-
served previously in both breast cancer® and lung
cancer.” Another dimension of access to consider
in future research that uses Medicare claims is any



2356 CANCER December 1, 2005 / Volume 104 / Number 11

unmeasured variation in supplemental insurance.
In addition, the uninsured represent another vul-
nerable population that should be considered in
future studies. Whereas significant regional varia-
tion in breast cancer care may be present, our final
models accounted for SEER region. Concerning dis-
ease burden, adjustments for comorbidity, as well as
tumor size and cancer stage when appropriate, were
incorporated into the overall results.

There are other possible explanations why the
vulnerable populations described here may receive
inadequate care. At the level of the patient-physi-
cian relationship, either partner may influence what
care is received. Among physicians or institutions,
there may be bias in provision of clinical services
based upon a patient’s racial identity,* relative lack
of affluence, or even rural background. Access to
clinical resources or less competence among physi-
cians who serve vulnerable populations may also
explain gaps in quality of care.®® Conversely, differ-
ent patients may have different preferences for care,
and the perceptions and decisions of individuals
may be influenced by cultural beliefs.*® Family sup-
port mechanisms may further contribute to differ-
ences in care among vulnerable populations. Minor-
ity women, as well as women who live in rural areas
and areas of lower socioeconomic status, may also
seek care at more poorly performing medical insti-
tutions within a given region.

The process of documenting ER status has
unique properties when considering explanations
for any measured difference between groups. If the
decision for surgery has been made, then assess-
ment of ER status should routinely follow. It seems
unlikely that patient preferences play any role in
this regular process of care. Furthermore, if a pa-
tient has reached the point of surgery, access to the
healthcare system (with or without insurance) no
longer serves as a viable explanation for any gap in
quality. Thus, the possible set of explanations for
racial, ethnic, and rural differences in adequate doc-
umentation of ER status can be narrowed to either
bias in the provision of services or gaps in quality of
care at medical institutions predominantly serving
these patients. Of course, this study measured ade-
quate documentation of ER status, not necessarily
performance of the test, but nonetheless, systematic
differences in documentation of ER status reflect
differential record-keeping at a minimum and, quite
possibly, differential care.

Limitations
The primary limitation of our study design to an-
swer the questions posed here, is its potential for

misclassification of different processes of care.
SEER-Medicare data has been found to be reason-
ably accurate for determination of surgery,'”'*
XRT,* and surveillance mammography.** SEER is
commonly the gold standard for ascertainment of
ER status in population-based studies,®” and our
definition of adequate documentation of ER status
has face validity. Misclassification of race or ethnic-
ity should also be considered. SEER data has previ-
ously been found to be accurate for the identifica-
tion of Whites and African-Americans, and Hispanic
and Asian/Pacific Islander ethnicity variables likely
provide acceptable specificity.'® Another limitation
is that there may have been insufficient power to
detect differences between groups when no differ-
ence was found, particularly for analyses limited to
breast cancers diagnosed from 1997 to 1999. There-
fore, the relative improvement in the receipt of all
processes of care among Hispanic women may have
been due to insufficient sample sizes. Nonetheless,
there was sufficient power to detect multiple
differences in breast cancer care in more recent
years, and in all instances where a difference was
present, the pattern was consistently one of lower
use among vulnerable populations. Finally, there
are other processes of care besides the ones mea-
sured here that contribute to optimal breast cancer
care, including axillary lymph lymph node dissec-
tion, chemotherapy, chemoprevention (tamoxifen),
and other prognostic biomarkers (progesterone re-
ceptor and Her-2). If there is underuse of any of
these care processes, then the findings described
here may underestimate gaps in the quality of breast
cancer care.

Conclusions

These results highlight the importance of a cancer
data system to track healthcare quality and dispar-
ities across as broad a spectrum of the continuum of
cancer care as possible. Another report by the Insti-
tute of Medicine suggested that current cancer data
systems like SEER-Medicare while important are not
ideal,*® and we would agree. In our view, at least two
characteristics should be considered in the future
when designing the ideal system. First, the ideal
cancer data system should not only collect data that
makes comparisons among vulnerable groups pos-
sible, but the data system should also routinely col-
lect information that allows testing and monitoring
suspected causes of these differences. Second, an
ideal cancer data system would rapidly identify gaps
in quality so that their recognition would make an
immediate difference in the care of patients in-
volved. Our findings of differences in breast cancer



care among vulnerable populations demonstrate
patterns largely consistent with previous literature.
Importantly, this study provides information indi-
cating that the problem of gaps in the quality of care
among vulnerable populations, despite being iden-
tified as a target for intervention previously, persist
and require bold, decisive action. Surveillance
needs to be accompanied by interventions targeted
both at minorities*™ and other vulnerable popula-
tions, and evidence-based interventions should be
disseminated widely.
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Screening Mammography in the American Elderly

Christopher R. Kagay, MD, Christopher Quale, PhD, Rebecca Smith-Bindman, MD

Background:

Methods:

Results:

Conclusions:

Substantial differences exist in estimates of the proportion of elderly women who undergo
screening mammography and the impact of race and ethnicity on mammography usage.

A representative 5% sample of elderly women living in 11 Surveillance, Epidemiology, and
End Results areas from 1991 to 2001 was constructed using Medicare data. Biennial rates
of screening mammography (at least one mammogram within each 2-year period) were
calculated for overlapping 2-year periods, adjusting to a 2000-2001 age and race
distribution. Multivariate repeated-measures logistic regression was used to examine
predictors of screening usage.

The sample included 146,669 women. Between 1991 and 2001 the age- and race-adjusted
proportion of women aged 65 years and older who underwent at least biennial screening
mammography increased from 35.8% to 47.9%. Mammography screening increased for all
racial and ethnic groups, but remained significantly higher for non-Hispanic white women
as compared with all other groups. The biennial screening rate in 2000-2001 was 50.6% for
non-Hispanic white, 40.5% for African-American, 34.7% for Asian-American, 36.3% for
Hispanic, and 12.5% for Native-American women. After controlling for age, site, physician
access, comorbidities, education, and income, African Americans (odds ratio [OR]=0.80,
95% confidence interval [CI]=0.78-0.83), Asian Americans (OR=0.53, CI=0.51-0.55),
Hispanics (OR=0.70, CI=0.67-0.74), and Native Americans (OR=0.37, CI=0.29-0.46)
were still all less likely than non-Hispanic white women to undergo screening.

Elderly women undergo significantly less mammography screening than is suggested by
selfreported surveys. All groups of non-white women undergo less screening than do white
women. The magnitude of the difference in screening rates comparing Asian-American
and Hispanic women with white women is especially large; however, other studies have
questioned the sensitivity of Medicare data for identifying people of Asian and Hispanic
ethnicity. For African-American women, the magnitude of the gap is smaller, but it is of
concern that the gap in screening as compared with white women has grown over time.

(Am | Prev Med 2006;31(2):142-149) © 2006 American Journal of Preventive Medicine

Introduction

reast cancer is the fifth leading killer of Ameri-

can women,! and is the second leading cause of

cancer deaths, behind lung cancer.” Over the
past decade, mort:d]ity rates from breast cancer among
all women have declined substantially.® This decrease
in mortality is attributable both to improvements in
breast cancer therapy and to increases in the rate of
screening mammography leading to earlier cancer de-
tection.? While there is a lack of firm evidence for the
benefits of mammography past age 69,%~7 current treat-
ment guidelines® recommend continued screening for
elderly women in the absence of substantial comorbid
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medical conditions. However, substantial differences
exist in the published literature describing the funda-
mental questions of what fraction of elderly American
women actually receive regular screening mammogra-
phy,*~'% and whether mammography screening rates
differ in the elderly by race and ethnicity.'6-%"

The most widely cited estimates of screening mam-
mography usage come from self-reported data col-
lected by the Behavioral Risk Factor Surveillance Sys-
tem (BRFSS)? and the National Health Interview Study
(NHIS).* These data suggest relatively high levels of
screening among the American elderly, with as many as
70% to 80% of women aged 65 to 69 years receiving at
least biennial (once every 2 years) screening. Despite
the wide reliance on these estimates, numerous analy-
ses*'=7 have cast doubt on the reliability of self-
reported estimates of mammography screening, sug-
gesting that studies based on self-reported data may
overstate screening rates.

The availability of a large, geographically diverse data
set of Medicare claims offers the opportunity to exam-

0749-3797/06/$-see front matter
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Table 1. Study population characteristics

1991-1992 2000-2001
n % n %
Aged =65 and alive throughout 2-year period 98,615 100.0 97,418 100.0
HMO enrollment during 2-year period (4,279)" et 7] (15,263)" =157
Not enrolled in Part B during period (4,258) -4.3 (1,451) ~1.5
Breast cancer survivor (323) -03 (1,673) ~1.7
Study population 89,755 91.0 79,026 81.1
White, non-Hispanic 76,038 84.7 63,649 80.5
African American, non-Hispanic 6,406 | 5,603 7.1
Asian American, non-Hispanic 2,725 3.0 4,671 5.9
Hispanic 1,909 2.1 2,442 3.1
Native American, non-Hispanic 151 0.2 185 0.2
Unknown/other 2,526 2.8 2,476 3.1
Mean age (SD) 76.2 (7.2) 77.4 (7.3)

“Numbers in parentheses refer to women excluded from the study for the given indication.

HMO, health maintenance organization; SD, standard deviation.

=282 data source, how

frequently elderly women undergo screening mam-
mography, and whether racial and ethnic disparities in
breast cancer screening persist.

ine, with an objective and sensitiv

Methods
Data Source

A representative 5% sample of Medicare-eligible women aged
=05 living in 11 Surveillance, Epidemiology, and End Results
(SEER) areas representing 13.9% of the population of the
United States (including 12.1% of the African-American
population, 30% to 60% of the Asian-American population,
25.0% of the Hispanic population, and 12.5% of the white
population)®® was constructed. Three data sources were used
to build this sample: (1) 1991-2001 Medicare denominator
and claims information for women with no cancer diagnosis
through 1999, (2) 1991-2001 Medicare denominator and
claims information for women with any cancer diagnosis
through 1999 except for breast cancer or non-Hodgkins
lymphoma (NHL), and (3) 1991-2001 Medicare denomina-
tor and claims information for women with any breast cancer
or NHL diagnosis. It was necessary to combine the three sets
of component files because they had been obtained sepa-
rately. The combination of the files yielded a 5% population-
based sample of all women in the 11 SEER areas. Data analysis
was conducted in 2003 through 2005 using SAS software,
version 8.2 (SAS Institute Inc., Cary NG, 2003).

Inclusion

Women were included who were alive throughout a given
calendar year (or 2-year period for analyses focused on 2-year
screening), who were aged =65 years at the beginning of the
period of analysis, who were enrolled in Part B of Medicare
for the entire year(s), and who were not enrolled in a
risk-based HMO in the year(s) of analysis. Women enrolled in
HMOs were excluded because Medicare does not receive
claims for their services. For women ultimately diagnosed
with breast cancer, information on mammography usage was
included only for the period up until 90 days before breast
cancer diagnosis because of the difficulty differentiating

August 2006

screening and diagnostic mammography immediately before
breast cancer diagnosis.' 146,669 women contributed at least
one year of data to the study. Selected characteristics of the
study population and the number of women excluded by
cause are shown in Table 1.

Identification of Mammography

Screening mammography was considered to be coded with
current procedural terminology (CPT) 76091 (bilateral diag-
nostic) or 76092 (bilateral screening).'® Because of the
relatively recent adoption of a mammography screening CPT
code by Medicare and the still-frequent use by providers of
diagnostic codes for reimbursement of screening mammog-
raphy,'*!%3! both codes are included in this study. Two
recent analyses®*? have compared Medicare claims data with
mammography registry data. Both found that Medicare
claims are a relatively sensitive measure of mammography
screening in the elderly population when compared with
mammography registry data; Medicare claims were found to
be 85% sensitive®™ on a mammogram-per-mammogram basis
and 94% sensitive®™ when capturing any use of screening
mammography within a 2-year period. The higher capture
rate is relevant to the 2-year analysis used in this paper.

Analysis

Descriptive statistics for biennial use of screening mammog-
raphy by age, race, and ethnicity were caleulated during
overlapping 2-year periods from 1991-1992 through 2001-
2002. Age-adjusted, race- and ethnicity-adjusted, and age- and
race and ethnicity-adjusted rates were calculated based on a
2000-2001 age/race and ethnicity distribution of the overall
study population.

Multivariate repeated-measures logistic regression was used
to identity predictors of mammography screening. A woman-
year data set was constructed using eligibility criteria as above,
in which an individual woman could contribute up to 11 years
of data depending on her eligibility status. Covariates in-
cluded year of analysis; SEER site; age; visits within the year of
analysis to primary care providers, obstetricians/ gynecolo-
gists, and ER physicians; inpatient hospitalization in year;
comorbid conditions in the year of analysis; and ZIP code-

Am | Prev Med 2006;31(2) 143



Table 2. Biennial rates of screening mammography by age and race/ethnicity

1991-  1992- 1993- 1994- 1995- 1996- 1997- 1998- 1999- 2000-
1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
n 89,755 89,821 88,932 87,792 85,925 83,309 80,637 78,911 78704 79,026
Biennial mammography (unadjusted) 0.38 0.38 0.39 0.40 0.41 0.42 0.44 0.47 0.48 0.48
Biennial mammography (age and 0.36 0.36 0.37 0.38 0.40 0.41 0.43 0.46 0.47 0.48
race/ethnicity adjusted)
Biennial mammography by race/ethnicity (age adjusted)
White 0.38 .38 0.39 0.40 0.42 0.43 0.46 0.49 0.50 0.51
African American 0.31 0.32 0.33 0.34 0.35 0.36 0.37 .39 0.40 0.41
Asian American 0.25 0.26 0.27 0.28 0.29 0.29 0.30 0.33 0.34 0.35
Hispanic 0.26 0.26 0.26 0.26 0.28 0.29 0.31 0.34 0.37 0.36
Native American 0.17 0.16 0.11 0.13 0.13 0.14 0.16 0.16 0.16 0.12
Biennial mammography by age (race/ethnicity adjusted)
65-69 0.49 0.49 0.49 0.51 0.53 0.54 0.56 0.59 0.61 0.61
70-74 0.44 0.45 0.46 0.48 0.49 0.50 0.53 0.56 0.57 0.57
75-79 .36 0.37 0.37 0.38 0.40 0.42 0.45 0.48 0.50 0.50
80-84 0.24 0.25 0.26 0.27 0.28 0.29 0.32 0.35 0.37 0.37
85-89 0.14 0.14 0.14 0.15 0.16 0.16 0.17 0.20 0.21 0.23
=90 0.05 0.05 0.05 0.05 0.05 0.06 0.07 0.07 0.09 0.09

level socioeconomic status (SES) information. Thirty groups
of comorbid conditions were created following the method of
Elixhauser et al.** which has been validated® as imple-
mented using publicly available SAS code.** Aggregate, ZIP
code-level measures of SES were used due to the lack of
individually available measures of income and education.
Following other researchers’ use of Medicare data, ZIP code—
level median household income,*?% and ZIP code-level
percentage of non-high school graduates®® were used to
partially control for variations in SES. Multivariate models
were run both including and excluding SES and physician/
hospital-use variables.

Results

The age- and race-adjusted proportion of women aged
=65 who underwent at least biennial screening mam-
mography (one mammogram within a 2-year period)
increased from 35.8% in 1991-1992 to 47.9% in 2000-
2001 (Table 2). Mammography screening increased for
all racial and ethnic groups, but remained significantly
higher for non-Hispanic white women as compared
with all other groups. In 1991-1992, screening rates for
non-Hispanic whites were 21%, 49%, and 45% higher
than those for African Americans, Asians, and Hispan-
ics, respectively. In 2000-2001, these differentials were
25%, 46%, and 39%. In 2000-2001, screening rates
were highest (61.2%) for women aged 65 to 69 and
declined with increasing age.

Biennial mammography screening rates by race and
ethnicity and year for women aged 65 to 69 are shown
in Figure 1. Screening rates for this youngest subgroup
of the elderly population were 61.2% overall, 53.5% for
African-American women, 46.0% for Asian women,
47.5% for Hispanic women, and 64.5% for white
women. Mammography screening rates increased on
average 3.1% for African-American women, 3.3% for
Asian women, 3.0% for Hispanic women, and 2.4% per
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year for white women. By contrast, for elderly women
aged =75, rates increased 2.5% for African-American
women, 3.0% for Asian women, 3.7% for Hispanic
women, and 4.0% per year on average for white
women.

In multvariate models adjusting for year, site, age,
comorbidities, physician visits, and SES, African Ameri-
cans (odds ratio [OR]=0.80, 95% confidence interval
[CI]=0.78-0.83), Asian Americans (OR=0.53, CI=0.51-
0.55); Hispanics (OR=0.70, CI=0.67-0.74), and Native
Americans (OR=0.37, CI=0.29-0.46) were all signifi-
cantly less likely to undergo screening as compared with
non-Hispanic whites (Table 3). Increasing age was associ-
ated with lessfrequent use of mammography. Women
who saw primary care providers in a given year were more

likely to undergo mammography (OR=1.73, CI=1.71-

Pearcent biennial screaning

1% -e-AsianesE8

1981 1892 1983 1994 1995 1996 1997 1998 1999 2000
—-1892 1993 —1984 1985 -1996 1997 —1998 -1899 -2000 -2001

Two-year periods

Figure 1. Biennial screening mammography rates by race,
among women aged 65 to 69. Biennial mammography rates
for women aged 65 to 69, enrolled in Medicare, and living in
11 Surveillance, Epidemiology, and End Results areas, 1991~
1992 through 2000-2001.
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Table 3. Predictors of screening mammography for each year of study

Base regression,

Base regression plus physician /hospital
Base regression® physician/hospital usage usage, and SES
OR 95% CI OR 95% CI OR 95% CI

Race/ethnicity

White Referent Referent Referent

African American 0.65 (0.63-0.67) 0.71 (0.69-0.74) 0.80 (0.78-0.83)

Asian American 0.51 (0.49-0.53) 0.49 (0.47-0.51) 0.53 (0.51-0.55)

Hispanic 0.58 (0.55-0.61) 0.61 (0.58-0.64) 0,70 (0.67-0.74)

Native American 0.26 (0.21-0.33) 0.33 (0.26-0.41) 0.7 (0.29-0.46)
Age group (years)

65-69 Referent Referent Referent

70-74 0.86 (0.85-0.87) 0.87 (0.85-0.88) 0.87 (0.86-0.88)

75-79 0.65 (0.63-0.66) 0.66 (0.65-0.67) 0.66 (0.65-0.68)

80-84 0.40 (0.39-0.41) 0.42 (0.41-0.43) 0.42 (0.41-0.43)

85-89 0.20 (0.19-0.21) 0.21 (0.21-0.22) 0.21 (0.21-0.22)

=00 0.07 (0.06-0.07) 0.08 (0.07-0.08) 0.08 (0.07-0.08)
Healthcare usage

No visits® Referent Referent Referent

Visit to PCP in year — - 1.73 (1.70-1.76) 1.73 (1.71-1.76)

Visit to OB/Gyn in —_ - 3.18 (3.13-3.24) 3.18 (3.13-3.24)

ear

\ﬁysit to ER in year — — 0.96 (0.94-0.97) 0.95 (0.94-0.97)

Hospitalized in year — — 0.75 (0.74-0.76) 0.75 (0.74-0.77)
ZIP code level, % non-high school grads

=10 {most education) Referent Referent Referent

10-14.9 — — — — 0.89 (0.87-0.91)

15-19.9 — — —_— — 0.82 (0.80-0.84)

20-24.9 — e — — 0.78 (0.76-0.81)

25-49.9 — — - — 0.70 (0.67-0.72)

=50 (least education) —_ e —_— — 0.57 (0.54-0.61)

Notes: ORs and 95% CIs from a repeated-measures logistical regression based on 146,669 women, each contributing between 1 and 11 years of
data. In all three regressions, SEER site, 30 comorbid disease categories,™ and ZIP-code level median income were included. There were
significant differences in use by region and comorbidity as described in the Results section. ZIP-code level median income was not significantly
related to mammography usage except among women living in ZIP codes with median incomes =$60,000, where the OR was 0.95 (0.91 to 0.98).
“Base regression adjusted for race/ethnicity, age, SEER site, year, and comorbidities.

"Mullip]e comparisons possible. At least one visit to PCP compared to no visits; at least one visit to OB/Gyn compared to no visits; at least one
visit to ER compared to no ER; at least one hospitalization compared to no hnspiralizal,i(}ns,

CI, confidence interval; ER, emergency room; OB/Gyn, obstetrician gynecologist; PCP, primary care provider; OR, odds ratio; SEER,
Surveillance, Epidemiology, and End Results; SES, socioeconomic status.

1.76), as were women who visited obstetricians/ gynecolo-
gists (OR=3.18, CI=3.13-3.24). Having been hospitalized
decreased the odds of undergoing mammography
(OR=0.75, CI=0.74-0.77). Patients with severe comor-
bidities were in general less likely to be screened, while
women with some lessserious comorbidities were more
likely to be screened. Women in the Los Angeles and New
Mexico SEER areas were least likely to undergo mammaog-
raphy; women in San Francisco were most likely to un-
dergo mammography.

To compare estimates of screening from the
present study to widely cited data from the NHIS and
BRFSS,%? specific age, race, and ethnicity stratifica-
tions not previously published were used, allowing
matching to the categories used in this paper, as
shown in Figure 2. The NHIS and BRFSS are both
based on self-reports. The NHIS is an in-person
houschold interview survey of the civilian, non-insti-
tutionalized household population conducted by the
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National Center for Health Statistics, Centers for
Disease Control and Prevention. These data are from
the 1998 survey, asking whether a woman had a
mammogram for screening purposes within the pre-
vious 2 years. The BRFSS is a state-based survey of the
non-institutionalized civilian adult population living
in houscholds with telephones. Women were asked
whether they had had a mammogram, and, if so,
when and whether that mammogram had been per-
formed as part of a routine checkup (for screening).
The results are for women who reported having a
screening mammogram within the past 2 years.® For
comparability with the NHIS and BRFSS data, the
data presented in Figure 2 from the present study do
not include age-adjustments. BRFSS data are for
1996-1997. Biennial screening rates based on Medi-
care data presented here are substantially lower than
those reported in the NHIS and BRFSS self-report
SLI.WCYS.
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Figure 2. Screening mammography rates for 1997-1998
among women aged 65 1o 69 based on the present study, the
National Health Interview Study (NHIS), and the Behavioral
Risk Factor Surveillance System (BRFSS).

Discussion

The advisability of routine mammography screening in
the elderly remains a subject of debate. Most recent
analyses and meta-analyses have shown mortality bene-
fit from mammography for older women at least to age
69.=7 However, there are few or no randomized trials
evaluating the risks and benefits of continued screen-
ing in women older than this. Most analyses past age 70
have relied on modeling and have suggested overall
benefits from screening mammography in at least some
subgroups to age 75 or 79.%7% The American Cancer
Society, American Geriatrics Society, and U.S. Preven-
tive Services Task Force all recommend continued
screening for elderly women unless they have comorbid
conditions that would limit their life expectancy or
make them poor candidates for breast cancer
treatment.®

One of the most fundamental questions regarding
screening mammography in the elderly remains largely
unanswered—how many elderly women are actually
screened? The most widely cited estimates of mammog-
raphy screening suggest that elderly American women
are highly screened in aggregate, and that there is no
longer a substantial difference by race or ethnicity in
the use of screening. For example, self-reported data
for 38 states from the BRFSS of 1997 suggest that,
among women aged 65 to 69 years, 84% of African
Americans, 77% of Hispanics, 90% of Asians/Pacific
Islanders, and 78% of whites underwent screening
mammography within the previous 2 years. Similarly,
1998 data from the NHIS® reported that 71%, 60%, and
71% of African-American, Hispanic, and white women,
respectively, underwent mammography in the previous
2 years. These data sources are widely cited, including
in recent reports by the Institute of Medicine detailing
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racial and ethnic disparities in diagnosis and treat-
ment'? and the Cancer Intervention and Surveillance
Modeling Network attempting to untangle the effects
on mortality of increased screening and improved
breast cancer treatments.”

However, as shown in Figure 2, the present data
suggest that American women are considerably less
highly screened than selfreported data have suggested.
The discrepancies between Medicare data and self-
reported data are particularly stark for some ethnic and
racial groups. For example, the present estimates sug-
gest that Asians/Pacific Islanders receive less than half,
and Hispanics just more than half of the screening
described by the most optimistic self-report study.?

The general absence of ethnic or racial disparities in
the use of mammography screening based on self-
reported data has led authors to conclude either that
there are no differences in mammography screening
rates by race and ethnicity, or, that if such differences
do exist, they are entirely explained by socioeconomic
factors!6-18.20.39 despite multiple studies suggesting
that self-report studies of mammography substantially
overstate the frequency at which women undergo
mammography,®'=* particularly for African-American
women.* %7 In the present study, as shown in Table 3,
substantial differences in screening by race and ethnic-
ity persist even when controlling for proxies for health
status (30 individual diagnostic groups, hospitalization,
and emergency room usage), access to care (primary
care provider and obstetrician/gynecologist visits), ed-
ucation, and income. Despite similar coverage for a
substantial portion of the cost of mammography in this
Medicare-insured population, Figure 1 shows persistent
racial and ethnic disparities in mammography through
2001.

These results are suggestive of the possibility that the
later stages at presentation among African-American*’
and Hispanic*'** women upon diagnosis with breast
cancer may be due partly to lower rates of screening
mammography. The experience of Asian and Pacific
Islander women seems potentially more complicated.
Despite having some of the lowest screening rates of
any women in the present study, Asian and Pacific
Islander’® women have not been observed to differ
significantly from white women in terms of stage at
presentation or breast cancer mortality. Of note, Asian
and Pacific Islander women are not a homogenous
group, and recent analyses have shown Hawaiian,**~4
Filipina-American,*® and Indian/Pakistani-Ameri-
can*® women to present with substantially later-stage
disease than do white women. The present study could
not differentiate among these groups.

A further complicating factor affecting particularly
Asian-American and Hispanic women in the present
study is the low sensitivity of Medicare data in identify-
ing these ethnic groups, as described in the work of
Bach et al.>® While the sensitivity, specificity, and posi-
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tive predictive value are extremely high for the desig-
nations white and black in Medicare claims data, ex-
ceeding 95% in most cases, the sensitivity for Hispanics,
Asians/Pacific Islanders, and Native Americans is con-
siderably lower, with percent sensitivity measurements
in the single digits and teens in 1996, rising to 39% and
58% for Hispanics and Asian/Pacific Islanders in 1997
and beyond, and remaining low at 10.9% for Native
Americans. Specificity values approached 100% for all
groups. 3347

As shown in Table 3, including physician/hospital
usage in the regression narrows the gap in rates of
screening  mammography between both  African-
American and Hispanic and white women. On the
other hand, including this proxy for healthcare access
does not significantly affect the gap between Asian
Americans and whites, perhaps suggesting that issues
other than access barriers lead to the particularly low
rates seen by this group.

The gap in screening by race and ethnicity seems to
be narrowing over time for women aged 65 to 69 in
whom the evidence for the benefit of mammography is
greatest, but increasing over time for older (aged 75
and above) elderly women. The importance of these
trends remains to be seen, as further evidence of the
value of mammography screening for the older elderly
is established.

There are relatively few other studies using Medicare
data to examine mammography screening in the elderly
population. One recent study” examining the issue of
screening rates and race and ethnicity using Medicare
claims in Michigan covered a limited geographic area
with less ethnic diversity than the current study. Like the
present study, that study found substantially lower rates of
screening than found in selfreport data. Unlike the
present study, that study found no significant impact of
African-American race as compared to non-African-
American race in predicting the use of mammography.
However, that study grouped together whites, Asians,
Hispanics, and Native Americans into the non-African-
American category. Since all those groups have substan-
tially lower screening rates than whites (or African Amer-
icans), it is possible that combining them into a single
subgroup could have masked real differences between
whites and African Americans in the study of Michigan
women. Other studies using Medicare claims data have
found lower usage by African Americans, including Asch
etal.,*® and a recent study by Bynum et al.,* which found
that African-American elderly women were screened less
than white women, even when controlling for health
status.

There are a number of limitations to the present
study. Women enrolled in Medicare HMOs were not
included. These women may in aggregate be better
screened® than women outside of HMOs, thus poten-
tially biasing estimated screening rates downward. By
2000-2001, women enrolled in HMO plans constituted
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approximately 15% of the study population. Thus, even
if their screening rates were higher than non-HMO-
enrolled women, their exclusion would bias aggregate
estimates by only a few percentage points. All bilateral
mammograms were included in the study, including
those coded with CPT 76091 (bilateral diagnostic). This
will have caused the present study to slightly over-
estimate the use of screening mammography, since
approximately 10% of mammograms are done for
diagnostic purposes.®* However, since women with pre-
existing breast cancer diagnoses were excluded, virtu-
ally all of these bilateral “diagnostic’ mammograms
likely in fact represented screening. For the purposes of
conservatism in examining any possible shortfalls in
mammography screening, the mostinclusive definition
of mammography screening was used.

The fact that some women receive screening mam-
mograms not captured by Medicare claims was not
accounted for. A previous analysis involving the present
authors®® suggests that 5.8% of women aged over 65
years receive a mammogram within a given 2-year
period that is not captured by Medicare claims. An-
other analysis,* which focused on the sensitivity of
Medicare claims for individual mammograms, suggests
that Medicare claims capture only 85% of mammo-
grams in the Colorado elderly. That figure under-
estimates the sensitivity of Medicare for biennial screen-
ing; however, since it focuses on Medicare’s sensitivity
for each individual claim rather than for any claim in a
2year period. The under-capture relevant to the
present study is approximately 5.8% for biennial claims.

Another source of error is that SES characteristics were
attributable to individuals only at the level of their ZIP
code, and this method is imperfect. As would be expected,
validation studies suggest that the use of ZIP code-level
median income data correctly estimates the overall direc-
ton of effect, but may underestimate the magnitude of
the effect.”! The present study failed to show a significant
impact of ZIP code-level income data on mammography
screening; it is possible that if family income could have
been included in a less-aggregated fashion, these results
might have differed. Additionally, only elderly women in
the 11 SEER areas were studied. Although these areas are
widely geographically dispersed, ethnically diverse, and
constitute a significant fraction of the U.S. population,
they do not represent a statistically random sample of the
overall U.S. population.

A final source of error is the designation of race in
Medicare data, as outlined above in this section.

Conclusions

This population-based study finds mammography screen-
ing rates in the elderly population substantially lower than
the most widely cited estimates for elderly women. Anal-
ysis of this objective data source shows persistent discrep-
ancies in screening rates for all racial and ethnic groups
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when compared with white women. For Asian-American
and Hispanic women, the magnitude of the discrepancies
in screening is especially large; however, the sensitivity of
Medicare claims data for identifying women in these
groups is substantally lower than for African-American or
white women. For African-American women, the magni-
tude of the gap is smaller, but it is of concern that the gap
has grown over time.
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ORIGINAL ARTICLE

Can Medicare Billing Claims Data Be Used to Assess
Mammography Utilization Among Women
Ages 65 and Older?

Rebecca Smith-Bindman, MD,*f Chris Quale, PhD,* Philip W. Chu,* Robert Rosenberg, MD,}
and Karla Kerlikowske, MDSY

Background: Medicare data may be a useful source for determining
the utilization of mammography among elderly women, but the
accuracy of these data has not been established.

Objective: We determined whether Medicare physician billing
claims are an accurate reflection of mammography utilization among
women ages 65 and older and whether they can be used to assess the
use of screening as compared with diagnostic mammography.
Data Sources: Mammography use was assessed using Medicare
billing claims and radiology reports from 2 mammography regis-
tries; the San Francisco Mammography Registry and the New
Mexico Mammography Registry.

Methods: Completeness of the Medicare data was assessed by
comparing mammography use based on Medicare, with radiology
reports from the mammography registries, which served as the
referent standard. Capture rates for Medicare claims for individual
mammograms were examined, and women were characterized as
having undergone at least | mammogram within each 2-year period
based on the Medicare data, and these rates were compared with the
referent standard. To determine whether Medicare data can distin-
guish between screening and diagnostic mammography, we per-
formed a classification analysis using the mammography registries
screening/diagnostic designation as the referent standard (dependent
variable) and Medicare claim information as the independent/pre-
dictor variable. On the basis of the mammogram level classification
analysis, women were categorized as having been frequently
screened (at least 2 screening mammograms spaced by 12 to 36
months), screened (at least 1 screening mammogram), or not
screened.

From the *Department of Radiology, University of California, San Francisco;
TDepartment of Epidemiology and Biostatistics, University of California,
San Francisco: $Department of Radiology, University of New Mexico,
Albuquerque, New Mexico; §Department of Medicine, University of
California, San Francisco; and %General Internal Medicine Section,
Department of Veterans Affairs, University of California, San Francisco.

Supported by the NCI (K07 CAB6032), Breast Cancer Surveillance Consortium
co-operative agreement UQO1CA63740, and The Department of Defense
(DAMD179919112 and DAMD 170010193).

Reprints: Rebeeca Smith-Bindman, MD. Department of Radiolegy, Univer-
sity of California San Francisco, UCSF/Mt. Zion Campus, 1600 Divisad-
ero Street, San Francisco, CA, 941135, Box 1667, E-mail; Rebecca.Smith-
Bindman(@Radiology.UCSF.edu

Copyright © 2006 by Lippincott Williams & Wilkins

ISSN: 0025-7079/06/4405-0463

Medical Care * Volume 44, Number 5, May 2006

¥

> Lippincott Williams & W

Copyri

ns. Unauthorized reproduction of this artic

Subjects: Women ages 65 and older, diagnosed with breast cancer
between 1992-1999, who had at least 1 mammogram between
19921999 were examined.

Results: A total of 3340 mammograms were obtained in 1371
women between 1992 and 1999. Overall, 83% of mammograms
obtained by these women had a corresponding billing claim in
Medicare. This increased from 65% in 1992 to 90% in 1999. Of
women who underwent at least 1 mammogram during each 2-year
period per the referent standard, 94% of women were accurately
classified by Medicare claims as also having undergone mammog-
raphy during the same 2-year period. In multivariable analysis, a
mammogram was more likely to be associated with a billing claim
over time, for women 80 years or older, and for white and Asian as
compared with Hispanic women. Neither socioeconomic status nor
screening/diagnostic designation affected the likelihood that a mam-
mogram would be associated with a billing claim. The Medicare
data accurately categorized a given mammogram as screening or
diagnostic for 87.5% of mammograms. Lastly, there was moderate
to substantial agreement in the categorization of women as fre-
quently screened, screened or not screened between the 2 data sets
(weighted kappa 0.74, 95% confidence interval 0.70-0.78).
Conclusion: Medicare administrative claims are reliable for assess-
ment of mammography utilization and have become more accurate
over time. Medicare claims data also provide a mechanism for
designating mammography as screening or diagnostic, which sub-
sequently may allow accurate description of a woman’s screening
history.

Key Words: screening mammography, utilization of
mammography, Medicare, SEER-Medicare, elderly women

(Med Care 2006;44: 463-470)

chcral national efforts have encouraged mammography
use among elderly women during the last decade, includ-
ing the expansion of Medicare coverage to reimburse for
screening mammography in 1991. As a result, utilization
rates of screening mammography among elderly women have
increased.”? For purposes of understanding the quality of
cancer screening among clderly women, it is important to
understand whether mammography is being used appropri-
ately, by whom, and how often. There are few accurate
estimates of the actual utilization rates of mammography
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among elderly women. The most widely cited estimates for
mammography use are based on self-report data collected by
the Behavior Risk Surveillance System and the National
Health Interview Study. These suggest elderly women in
aggregate are close to receiving the recommended biennial
mammclggaphy (at least 1 mammogram within a 2-year
period). - However, the reliability of these data has not been
established because women may overestimate their actual use
of mammography.*~

The ideal database to assess mammography utilization
among clderly women would be population-based and readily
available to allow the rapid and reliable assessment of mam-
mography utilization. If found reliable, Medicare data would
be an ideal source to study mammography rates among
elderly women.'"™"3 Most of elderly women in the United
States are covered by this government-sponsored insurance
policy and it would give an unbiased estimate of mammog-
raphy utilization. However, Medicare claims have not yet
been shown to be reliable for determination of mammography
utilization.'* Specifically, because beneficiaries may pay out
of pocket for mammograms, pay for them through private
health insurance, or have them paid for through other pro-
grams, using Medicare billing claims data to assess mam-
mography utilization could lead to an underestimation of
actual utilization.” Only a single study has evaluated whether
Medicare billing claims accurately capture mammography
examinations."”

The purpose of this analysis is to determine whether
Medicare physician billing claims data can be used to accu-
rately determine the use of mammography among elderly
women, and there are 2 scparate aims. First, among a group
of elderly women in whom we know mammography was
obtained based on radiology physician reports, we deter-
mined the percentage of mammograms that had an associated
Medicare billing claim. The goal of this first objective is to
assess whether Medicare data are accurate for determination
of dissemination of mammography. Second, it is important to
distinguish screening mammograms (mammograms obtained
in asymptomatic women to lead to the earlier detection of
breast cancer) from diagnostic mammograms (mammograms
obtained to further evaluate a breast symptom or a previous
mammogram abnormality). The distinction is important be-
cause the majority of women with breast cancer will undergo
diagnostic mammography, but this does not equate to having
had the opportunity to participation in screening. Thus the
second purpose of this analysis is to determine whether Medi-
care physician billing claims can be used to distinguish between
screening and diagnostic mammograms and to determine which
women have undergone screening mammography.

METHODS

Mammography use among elderly women was assessed
in 2 geographic areas using data from 2 sources. First, data
were obtained from 2 mammography registries (the San
Francisco Mammography Registry and the New Mexico
Mammography Registry) that have participated in the Breast
Cancer Surveillance Consortium (BCSC), an NCI-funded
consortium of mammography registries in the United
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States.'®™'® These data served as the referent standard for
assessment of mammography utilization. Second, Medicare
administrative billing claims and enrollment information
were obtained from the Center for Medicare and Medicaid
Services as part of the linked Surveillance, Epidemiology and
End Results (SEER)-Medicare dataset. This dataset includes
information on patients diagnosed with cancer.'” The mam-
mography registries and Medicare data cannot be readily
linked for all women as both datasets have been anonymized.
However, each dataset has been linked with their regional
SEER program data, and thus we were able to link the
mammography registry data (SEER-MR) with the Medicare
data (SEER-Medicare) using the SEER program identifica-
tion codes. The study was thus limited to women diagnosed
with breast cancer, because we only were able to link infor-
mation for these women. Medicare began to reimburse ben-
eficiaries for biennial screening mammography beginning in
1991, and we obtained Medicare records on subjects from
1991 to 1999. The UCSF institutional review board, and cach
of the SEER program and mammography registries approved
the study.

Data Sources

SEER-MR

Data were obtained 2 Mammogram Registries; the San
Francisco Mammography Registry, which began collecting
data in 1985, and the New Mexico registry, which began
collecting data in 1989. Both registries were expanded in
1995 as a result of NIH funding for the Breast Cancer
Surveillance Consortium, which allowed them to expand
mammography facility-based data collection in their respec-
tive areas to include nearly all mammography facilities in the
same geographic areas that they started data collection before
1995. Although each registry has become increasingly pop-
ulation based over time, the characteristics of those covered
did not change over time. Each registry tries to capture all
mammograms in their region, limited primarily by practical
concerns. These data provided a way to assess mammography
use among elderly women based on detailed medical records.
These 2 registries were included because both link their
mammography data with their regional SEER program.

SEER-Medicare

The SEER-Medicare dataset provided a convenient
source to evaluate Medicare claims information. The SEER-
Medicare database is a collaborative effort of the National
Cancer Institute, the SEER program, and the Center for
Medicare and Medicaid Services to create a large population-
based source of information for cancer related epidemiologic
and health services research.'” SEER-Medicare data com-
bines cancer information from population based cancer reg-
istries with clinical information derived from the Medicare
data, which includes billing claims for physician services
including mammography. The SEER-Medicare data we ob-
tained for this study includes women in the SEER areas
receiving a diagnosis of Breast Cancer between the years
1991 and 1999 and includes all billing claims for these
women from 1991 onwards.
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Data Linkage

Information from the SEER-MR and SEER-Medicare
data sources were linked for women who resided in the same
geographic areas. The women were matched using the tumor
ID variable in each data set by each mammography registry.

Subjects

We used information from both SEER-Medicare and
SEER-MR to assemble our cohort of study subjects. Because
we needed subjects with 1 year of Medicare eligibility before
any mammogram to determine variables we used for the
classification analysis, we limited our study to women ages
66 and older at diagnosis of breast cancer (so that would have
at least 1 year of Medicare eligibility prior to diagnosis); who
were diagnosed with cancer between 1992 and 1999 (so that
they had a least 1 year to document and characterize mam-
mography before their cancer diagnosis); who had at least 1
mammogram in one of the mammography registries between
1992 and 1999; and who lived in 1 of the 2 geographic arcas
(n = 2244.) As part of Medicare, women may be enrolled in
risk-based HMO plans. Because Medicare does not receive
billing claims for physician services for these women, we did
not include women who had any months of HMO coverage.
Additionally, as Medicare does not receive billing claims
during periods where a woman is not Part B eligible, we
excluded women who were not Part B eligible for any given
month. From the original 2244 eligible women, 568 (25.3%)
had all of their mammographic history excluded for either
HMO enrollment or non Part B eligibility; most (89.3%) were
removed because of mammograms during months of HMO
enrollment, 10.5% because of non-Part B enrollment, and
1.2% for both. This yielded a population of 1,676 (74.7%)
women who had 1 or more eligible mammograms, and who
received those mammograms during years of study. For this
group of women, we included all mammograms obtained
from 1992 to 1999 that occurred before their diagnosis of
cancer. We limited the mammograms to those that the women
had received before their breast cancer diagnosis because the
completeness of Medicare billing claims for mammography
could vary by whether or not women had yet received a
diagnosis of breast cancer. These criteria resulted in a popu-
lation of 1371 women contributing 3340 registry mammo-
grams, and these mammograms were obtained from 1992 to
1999,

Assessment of Mammography Utilization
and Other Variables

SEER-MR

The mammography registries include the date of all
mammographic examinations, patient survey results,”” radi-
ologist designation of the mammogram as screening or diag-
nostic, and mammographic interpretation. We considered a
mammogram to have occurred if there was a record of a
mammographic examination with a corresponding physician
interpretation.

SEER-Medicare
Mammography claims were taken from the outpatient
facility file and the physician’s claim file.'"” We searched for
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all claims with 1 of 3 CPT codes: 76090 (Mammography,
unilateral), 76091 ( anmograph?z, bilateral) or 76092 (Screen-
ing Mammography, bilateral.)'*""**'">* We included both
screening and diagnostic billing codes because Medicare
billing claim codes may not reliably distinguish between
screening and diagnostic examinations,'*** and because our
referent standard based on the mammography registries in-
cluded both screening and diagnostic examinations.'”'®
When we encountered duplicate claims (more than 1 mam-
mogram for the same woman occurring on the same day but
from the different claim sources), we only counted one of
those mammograms to avoid overestimating Medicare mam-
mography usage. Thus, at most, a single mammogram was
compared for any given day in the study period. Overall, 59.8%
of the mammography claims occurred in the physician claim file
but not in the outpatient facility file, 3.5% of the claims were in
the outpatient file but not in the physician claims, and 36% of
claims were in both files.

Age was stratified into 3 age groups, 65-69, 70-79,
80+, and race and ethnicity was grouped as Hispanic and
non-Hispanic white, black, and Asian/Pacific Islander using
the SEER race “recode B” variable.”® SES was determined
using a combination of median neighborhood income based
on census tract and zip code level variables.®

Analysis

The completeness of the Medicare data (capture rate)
was assessed using as the referent standard all mammograms
that were documented in a mammography registry. Using this
referent standard, we determined the percentage of mammo-
grams that were documented in the Medicare data. We
considered mammograms from the 2 different sources to
match if the ID variables matched and the dates from the 2
datasets were within 1 week from each other, although the
majority (more than 92%) of the matches were on the same
day. We calculated unadjusted Medicare capture rates by
registry, age, race, ethnicity, year, and median income and
stratified them by whether mammograms were screening or
diagnostic. We used the Cochran—Mantel-Haenzel Test for
differences in capture rates between screening and diagnostic
examinations, controlling for registry, age, race, ethnicity,
year, and median income. To estimate what patient variables
predict the likelihood of a mammogram being billed to
Medicare, all of the above variables were included in a multi-
variable generalized estimating equation logistic model®” that
accounted for within-woman correlation. All analyses were done
using the SAS System version 8.2.%7 Fitting the multivariable
model allowed us to examine the differential effects of age,
race, ethnicity, year, income and whether an examination was
screening or diagnostic on the probability of there being a
record of a given mammogram in Medicare.

For the preceding analysis, we calculated Medicare
capture rates at the mammogram level. From a health care
policy perspective, most professional socicties and govern-
ment agencies recommend biennial mammography for el-
derly women.” To do this, a common way to determine
whether women undergo mammography at least once every 2
years is to ask the question, “did you have a mammogram in
the last 2 vears.” Thus, we wanted to ascertain how well
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2-year mammography (ie, at least 1 mammogram every 2
years) is captured in the Medicare claims. The goal of this
analysis was to determine whether Medicare data can accu-
rately measure prevalence of mammography examinations
within a 2-year period. Thus for this analysis, each 2-year
period is considered a separate unit of evaluation. To assess
whether 2-year screening is accurately captured by Medicare,
within each 2-year period (1992-1993; 1993-1994; etc) we
calculated the percentage of women who were classified as
having undergone mammography based on the Medicare
data, and compared this to the classification based on the
referent mammography registry data. For this analysis we
included all bilateral mammograms (screening and diagnos-
tic). However, the 2-year screening rates were calculated
during the years prior to each woman’s breast cancer diag-
nosis, when none of the women were diagnosed with breast
cancer, and where the majority of mammograms were likely
obtained for screening.®®

For the second aim, there were 2 separate components.
First, on the mammogram level, we determined how often an
individual mammogram was correctly assessed based on the
Medicare data as a screening or a diagnostic examination,
using the mammography registry data as the referent stan-
dard. We nceded to restrict the classification analysis to
mammograms that matched on the same day (2563 mammo-
grams) because some of the predictor variables (based on
Medicare) included consideration of the timing between
mammograms, where the day the mammogram occurred was
important. Second, on the woman level, we determined
whether women could be accurately classified using the
Medicare claims data as screened (1 screening mammogram
before cancer diagnosis) frequently screened (at least 2
screening mammograms spaced by 12 to 36 months that
occurred prior to cancer diagnosis), or not screened with
mammography during the study period. To give each woman
the opportunity to be characterized as frequently screened, we
required that the women we included in this validation
analysis have at least 3 years of precancer observation time in
which to assess their screening, which reduced the number of
women who could be evaluated to 676. A weighted and
unweighted kappa statistic was used to estimate the agree-
ment between the 2 data sets in assessing women as frequently
screening, screened and not screened using the Cicchetti-Allison
formulation.”” When calculating the weights for the weighted
kappa, we used a linear model, resulting in weights 0.5 and 0
for categories 1 and 2 steps removed, following the formula
of Cicchetti-Allison. The characterization of women as fre-
quently screened, screened or not screened relied on the
assessment of each mammogram as screening or diagnostic,
and the mammography registry data provided the referent
standard. This involved first performing a classification tree
analysis® on the matched mammography registry/Medicare
mammograms. Using a tree model allowed us to use the
data objectively to determine the optimal rule to classify
Medicare mammograms as screening or diagnostic based on
Medicare claims data. We then used the fitted tree to generate
the predicted woman level screening history based on Medi-
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care. This was compared with the “true” screening history as
determined by the Mammography registry data.

For the mammogram level classification analysis, vari-
ables generated from the Medicare claims were the indepen-
dent variables, and the screening/diagnostic designation (the
“Gold Standard”) of the mammography registry was the
dependent variable. For the referent standard, a mammogram
was considered diagnostic if it was preceded by another
mammogram within the proceeding 9 months, or if the
radiologist called the mammogram diagnostic. We consid-
ered several variables generated from the Medicare claims to
help characterize a given mammogram as screening or diag-
nostic, including previous mammogram within 9 months, any
screening mammography code used, breast cancer related
diagnosis or procedure code preceding a mammogram (no
code, breast malignancy, patient symptoms, breast diagnostic
procedure such as an ultrasound, breast biopsy or breast
surgery), number of inpatient/outpatient claims the month
before the mammogram, time between mammogram and
breast cancer diagnosis, as well as patient age, race and
ethnicity. The final fitted tree was reduced from the full tree
using cross validation, a technique that “holds back” a frac-
tion of the data to evaluate generated subtrees. Minimization
of misclassification of mammograms was used as the reduc-
tion (pruning) criteria.”' In the final fitted tree, patient age,

TABLE 1. Characteristics of Women Included in this Report

n Percent
Mean no. mammograms per woman 24
Registry
A 1004 73.2
B 367 26.8
Age, years
65-69 205 15.0
70-79 801 584
80+ 365 26.6
Race/ethnicity
White 1129 82.4
Black 23 1.7
Asian/Pacific Islander 45 33
Hispanic 155 11.3
Other/funknown 19 1.4
Year
1992 85 6.2
1993 116 8.5
1994 135 9.9
1995 136 9.9
1996 176 12.8
1997 214 15.6
1998 236 17.2
1999 273 19.9
Mean income of community of residence
<$30,000 248 18.1
$30,000 to $50,000 654 41.7
=$50,000 412 30.1
Not known 57 4.2
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race and cthnicity and number of inpatient/outpatient claims
the month prior to the mammogram did not help to discrim-
inate between a screening or diagnostic examination and were
not included. The tree analysis was done using the R statis-
tical language version 1.9.3% All other analyses were per-
formed by using the SAS system, version 8.2.%7

RESULTS
A total of 3340 mammograms were obtained on 1371
women ages 66 and older between 1992 and 1999. The
characteristics of the women included are provided in Table
1. Overall, 83% of mammograms had a corresponding billing

claim in Medicare (screening mammograms 81%, diagnostic
mammograms 86%). The capture rates by registry, age, race,
ethnicity, year, and median community income are provided
in Table 2 as overall rates and stratified by whether exami-
nations were screening or diagnostic. The capture rates in-
creased substantially and significantly over time, which oc-
curred for both screening and diagnostic examinations.
Among screening cxaminations, the capture rate increased
from 67% in 1992 to 94% in 1999, and among diagnostic
examinations, the capture rate increased from 59% in 1992 to
87% to 1999, Table 2. Capture rates varied by age, and were
highest for women age 80 and older. The capture rates also

TABLE 2. The Percent of Mammograms Among Women Ages 66 and Older With an Associated Medicare Billing Claim, by
Registry, Age, Race, Ethnicity, Year, and Median Community Income (Overall Capture Rate and Capture Rates Stratified by
Whether Examinations Were Screening or Diagnostic Are Shown. The Proportion Reflects Crude Capture Rates.)

Percent of Mammograms with an Associated Medicare Billing Claim

Stratified by Whether Mammogram Screening or

Overall Diagnostic
Overall Screening Diagnostic
Yo n P* % n % n Pt
Registry
A 80.8 2547 79.8 1674 82.7 873
B 88.3 793 84.1 502 95.5 291
<0.0001 0.0003
Age, years
65-69 79.6 8§58 78.7 596 81.7 262
70-79 82.1 1884 80.2 1231 85.6 653
80+ 88.3 598 §6.3 349 91.2 249
00001 0.0006
Race/cthnicity
White 833 2788 81.8 1833 859 955
Black §7.8 49 80.7 31 100.0 18
Asian/Pacific Islander 89.8 88 84.6 52 97.2 36
Hispanic 773 370 73.8 229 82.9 141
Other/unknown 62.2 45 61.3 31 64.3 14
<0.0001 0.0002
Year
1992 65.1 355 66,8 274 59.3 81
1993 66.1 433 64.7 329 70.2 104
1994 81.4 381 77.7 291 933 90
1995 87.6 442 849 326 94.8 116
1996 84.6 475 82.6 310 88.5 165
1997 91.1 492 91.9 298 89.7 194
1998 91.6 442 94.5 217 88.9 225
1999 90.0 320 93.9 131 873 189
<0.0001 0.24
Mean income of community of residence
<$30,000 80.1 542 77.3 344 84.9 198
$30,000 to $50,000 81.7 1685 82.0 662 92.8 332
=5§50,000 85.6 994 81.3 1100 824 585
Not known 80.7 119 T7:1 70 85.7 49
0.0186 0.0003
Overall 82.54 3340 80.74 2176 859 1164 0.0002

*x* test of differences in Medicare capture rates by registry, age, race, ethnicity, year, and median income of community.
'Cachran-Mantel-Haenzel Test for differences in capture rates between screening and diagnostic examinations, controlling for registry, age, race, ethnicity, year and income,
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varied by race and the capture rates were highest for Asian
women. Significant differences existed in the capture rates
between screening and diagnostic exams after adjusting in-
dividually for registry, age, race, ethnicity and income, but
not for year.

In the multivariable analysis, a mammogram was more
likely to be associated with a billing claim in the most recent
years of the study (with a fairly consistent increase over
time), for women age 80 and older, and was less likely to be
associated with a billing claim in Hispanic women (Table 3).
Interestingly, after adjusting for other variables, neither so-
cioeconomic status nor screening/diagnostic designation af-
fected the likelihood that a mammogram would be associated
with a billing claim.

To evaluate whether 2-year mammography rates are
accurately captured by the Medicare, we examined how well
Medicare claims captured 2-year mammography rates when
the mammography registry documented a woman had at least
I mammogram in that 2-year period. A total of 94.3% of 2-year

TABLE 3. Influence of Registry, Age, Race, Ethnicity, Year,
Median Income, and Type of Examination Screening or
Diagnostic on the Likelihood That a Mammogram

Will Have an Associated Billing Claim in Medicare

Odds
Ratio 95% C1 P

Registry

A Referent

B 1.08 0.72-1.61 0.71
Age, years

65-69 Referent

70-79 1.27 0.89-1.81 0.18

80+ 1.68 1.11-2.55 0.01
Race/ethnicity

White Referent

Black 0.88 0.32-2.41 0.80

Asian/Pacific 1slander 1.16 0.42-3.20 0.77

Hispanic 0.61 0.43-0.87 0.007

Other/unknown 0.35 0.16-0.78 0.001
Year

1992 Referent

1993 0.92 0.67-1.25 0.58

1994 2.10 1.46-3.02 <0.0001

1995 3.00 2.10-4.29 <0.0001

1996 242 1.72-3.43 <0.0001

1997 422 2.83-6.29 <0.0001

1998 5.09 3.28-7.90 <0.0001

1999 4.47 2.77-1.22 <0.0001
Mean income of community

of residence

<§30,000 0.84 0.56-1.26 0.50

$30.,000 to $50,000 0.93 0.66-1.30 0.66

=4$50,000 Referent

Not known 0.84 0.42-1,78 0.63
Type of examination

Diagnostic Referent

Screcning 0.97 0.81-1.17 0.78
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screening intervals were accurately classified by Medicare
claims, and this ranged from 93.8% in 1992 to 94.6% in 1997,

The algorithm that was used for characterizing mam-
mograms as screening or diagnostic examinations is provided
in Figure 1. The Medicare data accurately categorized a given
mammogram as screening or diagnostic for 88% of mammo-
grams (2268/2593); 87% of screening mammograms were
correctly classified (1580/1822), and 89% (688/771) of diag-
nostic mammograms were correctly classified. The second
validation of classification was on the woman level. Overall
85% of the women were correctly classified (572/676), with
moderate to substantial agreement in the categorization of
women as frequently screened, screened or not screened
between the 2 data sets (weighted kappa 0.74 (95% confi-
dence interval 0.70, 0.78); unweighted kappa 0.69 (95%
confidence interval 0.64, 0.74; Table 4).

DISCUSSION

Medicare physician claims can be used to determine
whether women have undergone mammography as most
mammograms (83%) obtained among elderly women be-
tween 1992 and 1999 had a corresponding Medicare billing
claim, Medicare capture-rates increased substantially over
time, and by 1999, 90% of mammograms among elderly
women had a billing claim in Medicare, suggesting that
Medicare has become a more reliable reflection of mammog-
raphy use in recent years. Similarly, these data can be used to
determine whether women have undergone at least 1 mam-
mogram within 2-year periods, as 94% of women were
correctly classified using the Medicare claims with respect to
2-year mammography rates. Additionally, the Medicare
claims could be used to determine whether women had
undergone screening or diagnostic evaluation fairly accu-
rately. Overall, 88% of examinations were correctly classified
as screening or diagnostic compared with a referent standard.
We did not find a large percentage of missing mammography
claims, nor large differences by age, race, ethnicity or median
community income, although Hispanic women were less
likely than white women to have a Medicare billing claim,
and women age 80 and older were more likely to have a
Medicare billing claim.

What are the implications of this study? Mammography
use as assessed by self-report has been found to be very high,
and up to 80% of women older than age 65 have reported
biennial screening mammography use.'* However, these
high self-report rates have not been confirmed with adminis-
trative claims.'*** The results of this study suggest adminis-
trative billings claims capture a large percentage of exami-
nations, and that Medicare data are a fairly reliable method
for assessment of mammography utilization among elderly
women. These findings support the use of Medicare claims to
assess population trends in the use of mammography. Over-
all, approximately 88% of mammograms are obtained for
screening purposes.”® If the total number of mammograms
among elderly women is assessed using Medicare data in-
cluding the billing codes we have used, than this number can
be adjusted downward to determine the number of mammo-
grams obtained for screening.*®

© 2006 Lippincott Williams & Wilkins

s article is prohibited.



Medical Care = Volume 44, Number 5, May 2006

Assessment of Mammography in Medicare

Matching Mammograms Documented in
BCSC/Medicun:
N=2,593

Previeus Mammogram within
9 months

Mammogram billed with “Screening
Mammogram™ CPT Code

[N GROUP: 639 (24.64%)
CORRECT: 608637 (95.1%)

TN GROTFP: 1212 (46.74%0)
CORRECT: [ Haa/1212 (96.2%)

1N GROUDR
CORRECT- 402/594 (67.7%)

M (22.919%5)

Procedural or Diagnostic TCND
Code for beeast mass, breast- Yes
iopsy or breast directed

surgery prior Lo mannegran

Time Between Mammogrum and
Subsexquent Cancer Tiagnosts

il
SCRETNING
—

IN GROUT: 16 ((62%G)
CORRECT: 12416 (75.0%)

1IN GROUL: 132 (5.09%)
CORRECT: 807132 (60.6%)

FIGURE 1. Method used to characterize Medicare mammograms as screening or diagnostic, based on results of the CART

analysis.

To study patient outcomes of mammography, it is
important to be able fo distinguish screening from diagnostic
evaluations. Virtually all women with breast cancer undergo
diagnostic evaluation with mammography (either because of
a breast symptom that led to a diagnostic cvaluation or
because of a screening mammogram that led to a diagnostic
evaluation.) Thus it is important to differentiate screening
from diagnostic examinations to determine which women
were exposed to screening mammography. We have shown
that the Medicare data provide detailed information that can
be used to distinguish screening from diagnostic examina-
tions. Thus Medicare data may be useful for categorizing
women’s screening history and for evaluating breast cancer

TABLE 4. Characterization of Women as Frequently
Screened, Screened and Not Screened With Mammography
Based on Mammography Registries and Medicare

Billing Claims

Mammography Registry

Frequently Not
Medicare Screened Screened Screened
Frequently screencd 420 0.62 13 0.02 0 0.00
Screened 37 0.05 128 0.19 46 0.07
Not screened 0 0.00 8 0.01 24 0.04
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outcomes among women who have undergone screening
mammography.

We included both physician claims for mammography
and outpatient facility claims for mammography. Most
claims, however, were found in the physician claims file.
Including claims from the outpatient file contributed only
3.5% additional mammograms. Thus, it may not be worth the
effort to use outpatient facility claims as a tool to identify
mammography use, given their relatively limited additional
benefit.

This report addresses the accuracy of Medicare claims
for assessing mammography utilization. It does not assess the
accuracy of mammography or the benefit of mammography
among elderly women. Unfortunately, Medicare data cannot
be used to assess mammography utilization among women
age 50—64, where the evidence regarding the effectiveness of
mammography is greatest.”

The major strength of this report is that it compares
mammography use as assessed by Medicare administrative
billing claims, with patient specific medical records including
characterization of mammograms as screening or diagnostic
examinations. Medicare records provide a readily available
and timely method to measure mammography screening rates
that are free of recall bias, and we have demonstrated that
they are a reliable method to assess mammography utiliza-
tion. There are several limitations of this study. We did not
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include women enrolled in HMO plans. Unfortunately the use
of physician services cannot be ascertained in Medicare
beneficiaries enrolled in HMO-types of plans, and thus mam-
mography usage among women enrolled in these types of
plans cannot be assessed. We looked at billing claims only in
women who were diagnosed with breast cancer. However, the
mammograms that we included for these women were only
those prior to their diagnosis of cancer, and we suspect these
results are fairly generalizable to women who do not have
breast cancer. We assessed screening patterns over a rela-
tively short period of time, and did not evaluate whether
Medicare claims can accurately predict patterns of mammog-
raphy screening over longer periods of time. Lastly, we
looked at only 2 geographic areas, and even within those
areas there was variability in the capture rates. However, we
did not find a large difference in the capture rates, and in the
multivariate analysis this difference was not significant.

In summary, Medicare data are accurate for assessment
of mammography screening, particularly in the more recent
years of the study. These data can be reliably used for health
services research that focus on mammography, and breast
cancer outcomes associated with screening.
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Does Utilization of Screening Mammography Explain Racial and Ethnic

Differences in Breast Cancer?
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Background: Reasons for persistent differences in breast cancer
mortality rates among various racial and ethnic groups have been
difficult to ascertain.

Objective: To determine reasons for disparities in breast cancer
outcomes across racial and ethnic groups.

Design: Prospective cohort.

Setting: The authors pooled data from 7 mammography registries
that participate in the National Cancer Institute-=funded Breast Can-
cer Surveillance Consortium. Cancer diagnoses were ascertained
through linkage with pathology databases; Surveillance, Epidemiol-
ogy, and End Results programs; and state tumor registries.

Participants: 1010515 women 40 years of age and older who
had at least 1 mammogram between 1996 and 2002; 17 558 of
these women had diagnosed breast cancer.

Measurements: Patterns of mammography and the probability of
inadequate mammography screening were examined. The authors
evaluated whether overall and advanced cancer rates were similar
across racial and ethnic groups and whether these rates were af-
fected by the use of mammography.

Resuits: African-American, Hispanic, Asian, and Native American
women were more likely than white women to have received
inadequate mammographic screening (relative risk, 1.2 [95% CI,
1.2 to 1.2], 1.3 [Cl, 1.2 to 1.3], 1.4 [C], 1.3 to 1.4], and 1.2 [CI,
1.1 to 1.2] respectively). African-American women were more likely

than white, Asian, and Native American women to have large,
advanced-stage, high-grade, and lymph node—positive tumors of
the breast. The observed differences in advanced cancer rates be-
tween African American and white women were attenuated or
eliminated after the cohort was stratified by screening history.
Among women who were previously screened at intervals of 4 to
41 months, African-American women were no more likely to have
large, advanced-stage tumors or lymph node involvement than
white women with the same screening history. African-American
women had higher rates of high-grade tumors than white women
regardless of screening history. The lower rates of advanced cancer
among Asian and Native American women persisted when the
cohort was stratified by mammography history.

Limitations: Results are based on a cohort of women who had
received mammographic evaluations.

Conclusions: African-American women are less likely to receive
adequate mammographic screening than white women, which may
explain the higher prevalence of advanced breast tumors among
African-American women. Tumor characteristics may also contrib-
ute to differences in cancer outcomes because African-American
women have higher-grade tumors than white women regardless of
screening. These results suggest that adherence to recommended
mammography screening intervals may reduce breast cancer mor-
tality rates.

Ann Intern Med. 2006;144:541-553.
For author affiliations, see end of text.
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B reast cancer mortality rates in the United States began
to decrease in the 1990s (1) because of increased use of
screening mammography and improved breast cancer treat-
ment (2, 3). However, these decreases have primarily ben-
efited non-Hispanic white women, whereas the mortality
rate for breast cancer in African-American women changed
licdde (1).

Although racial and ethnic differences in breast cancer
mortality rates have been consistently documented (1,
4-9), reasons for the persistence of these differences have
been difficult to ascertain (10). Possible explanations in-
clude differences in biological characteristics of tumors
(11-13); patient characteristics, such as obesity, that may
affect prognosis; mammography use (14, 15); timeliness
and completeness of breast cancer diagnosis and treatment
(16, 17); social factors, such as education, literacy, and
cultural beliefs; and economic factors, such as income level
and health insurance coverage, that might affect a patient’s
access to and choices for breast cancer screening and treat-
ment (18-22). Stage at diagnosis, the strongest predictor
of breast cancer survival (23), is proportionally higher in all
non-Asian minority groups than in white women (8). Al-

though minority women have historically undergone less
mammography than white women (14), several recent sur-
veys have found only small differences in mammography
use between white and nonwhite women (24, 25). These
observations raised doubt that tumors go undiagnosed un-
til later stages in minority women because of infrequent
breast cancer screening (26). However, the 2 most widely
cited surveys of mammography use are based on self-report
and only inquire about recent use, not adherence over time

(24, 25).
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ARTICLE Mammography Use and Breast Cancer Rates in Ethnic Minorities

Context

Breast cancer mortality rates have fallen but still differ by
race and ethnicity. One explanation might be differences
in mammography use.

Content

These investigators linked data from mammography regis-
tries to tumor registries and showed that African-American
and Hispanic women have longer intervals between mam-
mography and are more likely to have advanced-stage
tumors at diagnosis and to die of breast cancer than white
women. However, in women with similar screening histo-
ries, these rates were similar regardless of race or ethnicity.

Implications

Differences in mammography use may explain ethnic dis-
parities in the incidence of advanced-stage breast cancer
and in mortality rates.

—The Editors

We explored stage of disease at diagnosis, tumor char-
acteristics (including size and grade), and lymph node in-
volvement among women of different races and ethnicities
whose patterns of mammography use were similar. We hy-
pothesized that differences in tumor characteristics may
result primarily from differences in mammography use and
that women with similar patterns of mammography use
may have similar tumor characteristics. We had sufficient
sample sizes within each racial and ethnic group and ob-
tained sufficiently detailed data regarding mammography
use to permit stratification of the cohort by pattern of
mammography use; this technique enabled us to compare
tumor characteristics among women with similar screening
histories.

METHODS
Data Source

We pooled data from facilities that participate in 7
mammography registries that form the National Cancer
Institute—funded Breast Cancer Surveillance Consortium:
San Francisco Mammography Registry, San Francisco,
California; Group Health Cooperative, Seattle, Washing-
ton; Colorado Mammography Project, Denver, Colorado;
Vermont Breast Cancer Surveillance System, Burlington,
Vermont; New Hampshire Mammography Network, Leb-
anon, New Hampshire; Carolina Mammography Registry,
Chapel Hill, North Carolina; and New Mexico Mammog-
raphy Project, Albuquerque, New Mexico. The data con-
sisted of information sent to the registries regarding all
mammographic evaluations performed at these facilities,
including radiology reports and breast health surveys. The
surveys, which were completed by patients at each mam-
mography examination, included questions regarding race,

54218 April 2006 | Annals of Internal Medicine| Volume 144 » Number 8

ethnicity, presence of breast symptoms, and previous mam-
mography use. Breast cancer diagnoses and tumor charac-
teristics were obtained through linkage with state tumor
registries; regional Surveillance, Epidemiology, and End
Results programs; and hospital-based pathology services.
Previous research has shown that at least 94% of cancer
cases are identified through these linkages (27). Each sur-
veillance registry captures most mammography case reports
within its respective geographic area, and mammograms in
these registries include approximately 2% of mammo-
graphic examinations performed in the United States. Each
registry obtains annual approval from its institutional re-
view board to collect mammography-related information
and to link with tumor registries.

Participants

This study included women without a history of breast
cancer who were 40 years of age and older who had un-
dergone mammography at least once for screening or diag-
nostic purposes between 1996 and 2002 (z = 1 010 515).
We categorized the race and ethnicity of the participating
women (the “mammography registry cohort”) as non-His-
panic white (z = 789 997), non-Hispanic African Ameri-
can/black (n = 62 408), Hispanic (n = 90 642), Asian/
Pacific Islander (n = 49 867), or Native American/Native
Alaskan (n = 17 601). We excluded women who did not
report their race or ethnicity (n = 133 235 [12%)]) or re-
ported mixed or other race (n = 6003 [<1%]). Breast
cancer was diagnosed in a subset of the women in the
mammography registry cohort (Table 1).

Characterization of Mammography Use

We included all mammographic evaluations in eligible
women that were performed during the study period. We
characterized each mammogram that was included in the
study by the time interval between that mammogram and
the one most recently preceding it. We determined these
intervals by using examination dates that were recorded in
the database (data were available for 85% of patients) and
self-reported dates that the remaining women provided at
the time of their examination. The mammography screen-
ing intervals were categorized into the following groups:

Table 1. General Categorization of Study Participants

Group Group Participants Who
Size, Received
n Inadequate
Screening, n (%)
Mammography registry cohort* 10 10515 147 810 (14.6)
Subset of women in registry 17 558 14217 (19.0)

cohort with breast cancert

* Includes all women who had screening or diagnostic mammography performed
at least once at a facility included in the Breast Cancer Surveillance Consortium
Registry between 1996 and 2002,

T Includes women in the mammography registry cohort with a first diagnosis of
breast cancer between 1996 and 2002.

www.annals.org
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Table 2. Characteristics of the Study Participants*

Variable

Ethnicity, n (%)
White, non-Hispanic
African American, non-Hispanic
Hispanic
Asian/Pacific Islander
Mative American

Age, n (%)t
4049 y
50-59 y
60-69 y
70-79 y
80y

Type of tumor, n (%)
Ductal carcinoma in situ
Invasive

Invasive tumors by stage, n (%3
Stage 1
Stage 2
Stage 3
Stage 4

Invasive tumors by grade, n (%)%
Grade 1
Grade 2
Crade 3
Crade 4

Distribution of advanced-stage invasive tumors, n (%)t§
White, non-Hispanic
African American, non-Hispanic
Hispanic
Asian/Pacific Islander
Native American

Distribution of high-grade invasive tumors, n (%)l
White, non-Hispanic
African American, non-Hispanic
Hispanic
Asian/Pacific Islander
Native American

Mammography Registry Cohort
(n =1010515)

789997 (78.2)
62 408 (6.2)
90 642 (9.0)
49 867 (4.9)
17 601 (1.7)

378311 (37.4)
291 252 (28.8)
176 445 (17.5)
124 408 (12.3)

Women with Breast Cancer
{n = 17 558)

14 693 (83.7)
994 (5.7)
1077 (6.1)
669 (3.8)
125 (0.7)

3574 (20.4)
4908 (28.0)
4131 (23.5)
3551 (20.2)

40 099 (4.0) 1394 (7.9)

- 2902 (16.5)
- 14 656 (83.5)

= 7591 (56.7)
- 4864 (36.4)
" 677 (5.1)
- 245(1.8)

i 3004 (25.0)
= 4977 (41.5)
= 3657 (30.5)
- 359 (3.0)

= 4708 (41.9)
- 395 (55.1)
- 437 (52.0)
= 199 (41.9)
- 47 (46.1)

& 3212 (32.1)
s 324 (50.0)
= 295 (36.6)
= 142 (32.5)
- 43 (43.4)

* Women with a first diagnosis of breast cancer were a subset of the mammography registry cohorr.

t Randomly selected 1 observation per woman to estimate age.
¥ Among women with known stage or grade.

§ Advanced-stage tumors are those in stages 2 through 4.

| High-grade tumors are those of grades 3 and 4.

within 1 year (4 to 17 months); 2 years (18 to 29 months);
3 years (30 to 41 months); and 4 years or longer ( >41
months). At the time of each mammogram, women com-
pleted a breast health survey and provided the date of their
last mammogram.

We created 2 classifications for first mammograms.
Mammography was classified as a first screening if the ra-
diologist coded the examination as “screening” and the
woman reported no breast symptoms. The mammogram
was classified as diagnostic if the radiologist coded the ex-
amination as “diagnostic” or if the woman reported a
breast mass or nipple discharge. Women whose first mam-
mogram was diagnostic were assigned to the “never
screened” group.

www.annals.org

Of note, a woman could have had mammography
more than once during the study period and therefore
could contribute more than 1 observation to the analyses.
A woman could have observations that were categorized
into different mammography screening intervals. For ex-
ample, a woman could have had her first mammographic
evaluation in 1998 and had subsequent mammography in
1999 and 2001. Her first mammogram would have been
categorized as a “first screening” or as “diagnostic,” de-
pending on the radiologist’s indication for that examina-
tion and whether the patient reported symptoms. Her sec-
ond mammogram would have been categorized in the “1
year” group, and her third mammography would have
been categorized in the “2 year” group.

dicine| Volume 144 » Number 8|543
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Table 3. Rates of Overall Breast Cancer and Large, Advanced-Stage, H:gh -Grade, and Lymph Node—?osntive Tumors per 1000
Mammograms by Racial and Ethnic Group*

Ethnicity Overall Women with Women with Large Women with Women with High-Grade Women with Lymph
Breast Cancer Tumorst Advanced-Stage Tumors$ Tumors§ Node-Positive Tumors
Rate Relative Rate Rate Relative Rate Rate Relative Rate Rate  Relative Rate Rate Relative Rate
(95% CI) (95% CI) (95% CI) (95% CI) (95% €

White 7.03 Referent 243 Referent 2.26  Referent 1.54 Referent 1.51 Referent

African 7.30 1.04 (0.95-1.13) 2.88 1.19 (1.06-1.33) 293 1.30 (1.16-1.45) 2.17 1.41 (1.24-1.61) 1.86 1.24 (1.09-1.40)
American

Hispanic 533 0.76 (0.70-0.83) 2.21 0.91 (0.81-1.02) 2.08 0.92 (0.82-1.03) 1.42 0.92 (0.80-1.06) 1.36 0.91 (0.80-1.02)

Asian/Pacific 5.33 0.76 (0.68-0.85) 1.77 0.73 (0.62-0.86) 1.62 0.72 (0.61-0.84) 1.37 0.89 (0.73-1.09) 0.94 0.62 (0.52-0.75)
Islander

Native 3.76 0.53 (0.43-0.67) 152 0.62 (0.46-0.84) 137 0.61 (0.45-0.83) 1.23 0.80 (0.58-1.11) 0.97 0.64 (0.47-0.89)
American

* Adjusted for age and registry; values shown in boldface are staristically significant.
t Large tumors were defined as those greater than 15 mm.

+ Advanced-stage tumors are thosc in stages 2 chrough 4.

§ High-grade tumors arc those of grades 3 and 4.

Breast Cancer a large, advanced-stage, high-grade tumor or lymph node-
To determine breast cancer status, we tracked each positive tumor at the time of diagnosis.

participant’s mammogram for 365 days following the date

it had been obtained or until the patient underwent her Statistical Analysis

next mammographic examination (whichever came first). We calculated the frequency distributions of various
Consequently, each tumor was associated with a single risk factors for all women in the mammography registry
mammogram—that obtained closest to the date of diagno- cohort. Among the subset of women with breast cancer
sis. We characterized breast cancer as cither invasive or (n =17 558), we calculated the proportion of tumors that
ductal carcinoma in situ. Large tumors were defined as were invasive and, among invasive tumors, the proportion
invasive tumors that were 15 mm or larger in diameter. We that were advanced-stage or high-grade tumors; we then
used the TNM (tumor, node, metastasis) system (which is calculated the distribution by race and ethnicity. For all
based on the criteria of the American Joint Committee on women in the cohort, we evaluated whether overall and
Cancer) to classify stage at diagnosis as 0 (ductal carcinoma advanced cancer rates per 1000 mammograms were similar
in situ), 1, 2, 3, or 4 (28); advanced-stage tumors were across racial and ethnic groups after we adjusted for age
defined as invasive lesions of stage 2 or higher. High-grade and registry by using Poisson regression. We then calcu-
tumors were defined as invasive lesions of grades 3 and 4. lated whether adjusted overall and advanced cancer rates
Lymph node status was defined as positive, negative, or per 1000 mammograms were similar across mammography
unknown. Advanced disease was defined as the presence of screening interval groups. Because overall and advanced

Table 4. Rates of Overall Breast Cancer and Large, Ad\ranced Stage, ngh -Grade, and Lymph Node-Positive Tumors per 1000
Mammograms by Mammography Screening lnterva! Group

Screening Interval Overall Women with Women with Women with Women with Women with

Group Breast Cancer Large Tumorst Advanced-Stage Tumorst  High-Grade Tumors§ Lymph Node-Positive Tumors
Rate Relative Rate  Rate Relative Rate Rate Relative Rate Rate Relative Rate  Rate Relative Rate

(95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

1 year 5.8 Referent 1.8  Referent 1.7 Referent 1.3  Referent 1.2 Referent

2 years 59 1.0(095-1.1) 20 110912 18 1.1(0.93-1.2) 1.4  1.1(0951.2) 1.2 1.0(0.91-1.2)

3 years 77 13(12-15) 28 15(1.3-1.8) 26 1.5(1.3-1.8) 1.7 1.3(1.1-1.8) 1.6 1.4 (1.2-1.7)

4 years or longer 11.4 2.0(1.8-22) 48 26(23-3.00 45 2.6 (2.3-3.0) 2.8 22(1.9-25) 2.8 2.5(2.1-2.8)

First screening mammogramll 7.6 1.3 (1.1-1.5) 23 13(0991.6) 21 1.2 (0.97-1.6) 1.2 1.0(0.73-1.3) 13 1.1 (0.87-1.5)

* Tumors diagnosed within 365 days or before the next mammogram (whichever came first) per 1000 mammograms within each interval group. For example, among women
in the 1-year mammography screening interval group, 5.82 tumors were diagnosed within the follow-up period per 1000 mammograms. Values shown in boldface are
statistically significant; P << 0.001 across screening groups.

+ Large tumors were defined as those greater than 15 mm.

S r\dvancr::l-stagc tumors are those in stages 2 through 4.

§ High-grade tumors are those of grades 3 and 4.

|| Rates of cancer in the first screening group reflect the rate of tumors thar were diagnosed within 365 days after screening examinations among asymptomatic women who
had no previous mammograms.
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Figure 1. O'_vje'pal | breast cancer rates per 1000 mammogra
group, adjusted to

by racial and ethnic group -'ahﬂ-:-mmography screening interval

14.
—a— White

e --C== African American
—-4—- Hispanic

i3 — -~~~ Asian/Pacific Islander

Tumors per 1000 Mammograms, n

--§ik- Native American

b g8
0 a T T e 1
o 1 2 3 4+
Time Elapsed Since Last Mammogram, y
Relative Rate (95% CI) of Breast Cancer
White Referent Referent Referent Referent Referent
African American 1.00 {(0.74-1.33) 0.87 {0.77-0.98) 0.96 {0.80-1.14) 0.86 (0.64-1.15) 1.07 (0.86-1.32)
Hispanic 0.57 (0.40-0.81) 0.74 (0.66-0.82) 0.69 {0.58-0.82) 0.74 (0.57-0.95) 0.73 {0.60-0.90)
Asian/Pacific Islander 0.66 (0.49-0.90) 0.80(0.70-0.92) 0.66 (0.54~0,81) 0.66 (0.47-0.94) 0.45 (0.30-0.67)

Native American

0.76 (0.30-1.97)

0.51 (0.37-0.68)

0.46 (0.28-0.75)

0.41 (0.20-0.86)

0.63 (0.39-1.01)

Rates were calculated as the number of tumors occurring within 365 days after mammography or before the next mammogram, whichever came first.
Values shown in boldface are statistically significant. *Includes asympromatic women who were undergoing their first-ever mammogram for screening

purposes only.

cancer rates varied across racial and ethnic groups (P <
0.001) and by previous mammography use (P < 0.001),
and because mammography use potentially varied by race
and ethnicity, we modeled cancer rates among similarly
screened women in each ethnic group. We used Poisson
regression to adjust for age and registry; an interaction
term between race and ethnicity and previous mammogra-
phy use was included in the Poisson model to allow for
possible differences in the association between ethnicity
and cancer rates by mammography group.

As previously described, a woman could have had
mammography more than once during the study period
and therefore could contribute more than 1 observation to
the Poisson regression models. To account for possible cor-
relation among such repeated mammography within
women in the analysis, we estimated the scale parameter of
the Poisson distribution from the data, allowing for un-
derdispersion or overdispersion.

On the basis of the fitted Poisson model, we used
marginal standardization (also called predictive margins)
(29, 30) to estimate the adjusted total cancer rates and the
prevalence of large, advanced-stage, high-grade tumors with
lymph node involvement per 1000 mammograms by racial
and ethnic group. We calculated the average of the rates
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that were estimated from the Poisson regression model for
each combination of ethnicity, age, and registry; these av-
erages were weighted by the proportion of women in the
study with that particular combination of age and registry
values. Because the same weights were used for each ethnic
group, we adjusted these rates to a common population
with distributions of age and registry that were equal to the
distributions observed in our study sample. Similar meth-
ods were used to calculate adjusted rates by mammography
screening interval and by ethnicity within mammography
screening interval groups.

We explored differences in mammography use by ra-
cial and ethnic groups for the entire mammography regis-
try cohort and among the subset of women with diagnosed
breast cancer. For each woman in the mammography reg-
istry cohort, we randomly selected 1 mammogram to in-
clude in the analysis because we did not want to overcount
women who were screened frequently. For women with
breast cancer, we included the mammogram that was per-
formed closest to the date of diagnosis. We classified mam-
mograms from women with breast cancer and those with-
out into mammography screening interval groups by using
the previously described methods. In addition, we classified
women as “frequently screened” if they had had previous
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Figure 2. Rates of large (>15 mm) tumors per 1000 mammograms by racial and ethnic group and mammography scz‘eenmg\
interval group, adjusted to the age and registry distribution of the mammogmphy tegistly cohort. -
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Rates were calculated as the number of tumors occurring within 365 days after mammography or before the next mammogram, whichever came first.
Values shown in boldface are statistically significant. *Includes asymptomatic women who were undergoing their first-ever mammogram for screening

purposes only.

mammography within 30 months of the mammogram that
was included in the analysis. We classified women as “in-
adequately screened” if their first mammogram was diag-
nostic, if they were 55 years of age or older at the time of
their first screening mammogram, or if they had not had a
mammogram within 42 months before the mammogram
that was included in the analysis.

We used log-binomial regression (adjusting for age
and registry) to examine racial and ethnic differences in
mammography screening interval groups in the entire
mammography registry cohort and in the subset of women
with breast cancer. When we examined the risk associated
with absence of screening among the women with breast
cancer, the log-binomial model would not converge; there-
fore, we used the modified Poisson regression approach of
Zou (31) for estimation. All analyses were performed with
SAS statistical software, version 8.2 (SAS Institute, Inc.,
Cary, North Carolina). Details of all analytic methods and

procedures are available on request from the authors.

Role of the Funding Sources

National Cancer Institute staff with relevant expertise
participated in several aspects of this project, including de-
sign, collection, management, analysis and interpretation
of the data, and manuscript preparation. The National
Cancer Institute provided support to this project through
the Breast Cancer Surveillance Consortium cooperative
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agreements that underwent peer review. The final version
of the manuscript was approved by all study authors and
principal investigators of the Breast Cancer Surveillance
Consortium sites. The remaining funding organizations
were not involved in the design, analysis, or interpretation

of the data.

ResuLTs

Between 1996 and 2002, 1 010 515 women who were
40 years of age and older had 2 588 479 eligible mammo-
grams within the Breast Cancer Surveillance Consortium.
Of these, 17 558 women received a first-time diagnosis of
breast cancer. Demographic characteristics are shown in
Table 2. Overall, 83.5% of the tumors detected were in-
vasive; of these, 43% were stage 2 or higher and 33% were
grade 3 or 4. Advanced-stage tumors were more likely to be
diagnosed in African-American and Hispanic women than
in white women (P < 0.001 for both), and high-grade
tumors were more likely to be diagnosed in African-Amer-
ican (P < 0.001), Hispanic (#= 0.008), and Native
American (P = 0.017) women than in white women,
Mammography Registry Cohort

Overall breast cancer rates differed significantly by race

and ethnicity (Table 3). Whereas 7 tumors were diagnosed

per 1000 mammograms in white women, cancer rates were
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significantly lower for Hispanic (5.3 tumors per 1000
mammograms; relative rate, 0.76 [CI, 0.70 to 0.83]), Asian
(5.3 tumors per 1000 mammograms; relative rate, 0.76
[CI, 0.68 to 0.85]), and Native American women (3.8
tumors per 1000 mammograms; relative rate, 0.53 [CI,
0.43 to 0.67]). Overall cancer rates in African-American
women were not significantly different from those in white
women (relative rate, 1.04 [CI, 0.95 to 1.13]); however,
African-American women had significantly higher rates of
large tumors (relative rate, 1.19 [CI, 1.06 to 1.33]), ad-
vanced-stage tumors (relative rate, 1.30 [CI, 1.16 to 1.45]),
high-grade tumors (relative rate, 1.41 [CI, 1.24 to 1.61]),
and lymph node involvement (relative rate, 1.24 [CI, 1.09
to 1.40]). Asian and Native American women had signifi-
cantly lower rates of large, advanced-stage tumors and
lymph node involvement than white women. Of interest,
Hispanic women had lower overall breast cancer rates than
white women but advanced cancer rates were similar in
both groups.

We explored whether overall breast cancer rates and
advanced cancer rates varied by use of mammography (Ta-
ble 4). As we expected, the total cancer rates and rates of
large, advanced-stage, lymph node—positive tumors in-
creased in relation to the length of time between mammo-
graphic examinations (<< 0.001 for trend for each out-
come). For the outcome of large tumors, the rate increased

from 1.8 tumors per 1000 mammograms for women with
a l-year screening interval to 2.0 tumors for women with a
2-year interval (relative rate, 1.1 [CL, 0.96 to 1.21]). The
rate further increased to 2.8 tumors per 1000 mammo-
grams for a 3-year interval (relative rate, 1.5 [CI, 1.3 to
1.8]) and to 4.8 tumors per 1000 mammograms for an
interval of 4 or more years (relative rate, 2.6 [CI, 2.3 to
3.0]). The incidence of cancer and advanced tumors (ex-
cept for high-grade tumors) within 1 year of first screening
mammography fell between the values for the 2-year and
3-year screening interval groups.

For all racial and ethnic groups, the total cancer rates
and rates of large, advanced-stage, high-grade, and lymph
node—positive tumors increased with the length of time
elapsed since the patient’s previous mammogram (Figures
1 through 5). In general, rates of advanced breast cancer in
white and African-American women did not differ when
we compared women who were screened at the same inter-
vals (Figures 2 through 4). African-American women had
rates of large, advanced-stage, and lymph node—positive
tumors that were similar to those of white women with the
same screening history (Figures 2 through 4). There were
several exceptions, however. African-American women had
significantly higher rates of high-grade tumors than white
women at all screening frequencies (Figure 5). Among
women undergoing their first screening mammography,

Figure 3. Rates of advanced-stage tumors per 1000 mammograms by racial and ethnic group and mammography screening interval
group, adjusted to the age and registry distribution of the mammography registry cohort.
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Rates were calculated as the number of tumors occurring within 365 days after mammogram or before the next mammogram, whichever came first.
Values shown in boldface are statistically significant. *Includes asymptomatic women who were undergoing their first-cver mammogram for screening

purposes only.
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Figure 4. Rates of Iymph nod&pomtwe tumors per 1000 m'a.mmcig_'ramé. by raaal and ﬁ_tﬁnic group and mammography screening
interval group, adjusted to the age and registry distribution of the mammography registry cohort. :
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African-American women also had higher rates of ad-
vanced-stage and lymph node-positive tumors. Among
women screened at an interval of 4 or more years, African-
American women had higher rates of advanced-stage and
lymph node—positive tumors; this finding bordered on sta-
tistical significance.

Asian and Native American women had significantly
lower overall breast cancer rates and lower rates of large,
advanced-stage, and lymph node—positive tumors than
white women when we stratified the cohort by mammog-
raphy screening intervals. Consequently, the relative rate of
advanced disease did not change substantially in these
groups after we accounted for mammography frequency.
Hispanic women also had significantly lower overall cancer
rates than white women when we accounted for screening
history. In addition, Hispanic women had lower advanced
cancer rates than white women when we subdivided the
groups by mammography screening interval, but these dif-
ferences did not reach statistical significance.

Mammography Use

Because of the racial and ethnic differences in the rates
of advanced cancer, we explored variations in mammogra-
phy use as a possible cause (Table 5). We analyzed these
trends in both the mammography registry cohort and the
subset of women with breast cancer.
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Mammography Registry Cohort

White women were more likely to be frequently
screened at an interval of 1 to 2 years. Compared with
72% of white women, only 63% to 68% of African-Amer-
ican, Hispanic, Asian, and Native American women were
frequently screened (age- and site-adjusted relative risk,
0.86 to 0.93). African-American, Hispanic, and Asian
women were more likely to have never undergone screen-
ing; therefore, they were more likely to have their first
mammogram because of a physical examination finding or
breast symptom (age- and site-adjusted relative risk, 1.3 to
1.7). Nonwhite women were also more likely to receive
inadequate mammographic screening (age- and site-ad-
justed relative risk, 1.2 to 1.4).

Subset of Women with Breast Cancer

When we evaluated mammography use among women
with breast cancer, the magnitude of the racial and ethnic
differences tended to be greater than those seen in our
analysis of the entire mammography registry cohort. For
example, 24% to 34% of African-American, Hispanic, and
Native American women were inadequately screened be-
fore their breast cancer diagnosis, compared with 18% of
white women and 19% of Asian women. After we adjusted
for age and registry, all racial and ethnic groups were sig-
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nificantly more likely than white women to receive inade-
quate screening. The adjusted relative risk was 1.6 (CI, 1.5
to 1.8) for African-American women, 1.5 (CI, 1.3 to 1.7)
for Hispanic women, 1.4 (CI, 1.2 to 1.7) for Asian
women, and 1.5 (CI, 1.2 o 2.0) for Native American
women,

Discussion

There are well-described differences in breast cancer
outcomes by race and ethnicity (1). To understand the
reasons for the racial disparities in breast cancer outcomes,
we studied mammography use in detail among a large co-
hort of women who had ar least 1 mammography exami-
nation within the Breast Cancer Surveillance Consortium.
Consistent with previous studies, we found that large, ad-
vanced-stage tumors and lymph node-involved tumors
were more likely to be diagnosed in African-American
women than in white women; however, these differences
were attenuated or eliminated when comparisons were
stratified by extent of previous mammography use. This
suggests that inadequate use of screening mammography
may be an important reason for higher rates of advanced
disease in African-American women. Analysis of mammog-
raphy use supports this conclusion because nonwhite
women are more likely than white women to receive inad-

ARTICLE

equate mammographic screening. On the basis of our analy-
sis of mammography use among women with breast can-
cer, 34% of African-American women received inadequate
mammographic screening before their diagnosis of breast
cancer. This suggests that underuse of mammography may
be an ongoing issue, particularly among African-American
women.

Asian and Native American women had significantly
lower rates of large, advanced-stage, and lymph node—posi-
tive tumors than white women, and these differences per-
sisted even after accounting for previous mammography
screening. This finding is consistent with the overall lower
rate of breast cancer in these women (32). Of interest, our
analysis of mammography use also suggested that many
Asian and Native American women have received inade-
quate mammographic screening. Increased use of mam-
mography among Asian and Native American women may
further reduce their burden of advanced discase.

Because of the nature of the database we used, we
believe that our analysis of screening frequency among
women with breast cancer may better reflect mammogra-
phy use in the general population than do our data from
the entire cohort. The Breast Cancer Surveillance Consor-
tium registries capture virtually all women in their respec-
tive geographic areas who underwent mammography and

Figure 5. Rates of high-grade tumors per 1000 mammograms by racial a.nd ethnic ; group and mammography screening interval
group, adjusted to the age and registry distribution of the mammography registry cohort.
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Rates were calculated as the number of tumors occurring within 365 days after mammography or before the next mammogram, whichever came first.
Values shown in boldface are statistically significant. *Includes asymptomatic women who were undergoing their first-ever mammogram for screening

purposes only.
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Table 5. History of Mammpgmp?! 'Use by Participants*

Ethnic Group Participants, n Mammographic Screening Interval Groupt
Time since Previous Mammography First Screening Never
Mammography, Screened,
1 Year, 2 Years, 3 Years, =>4 Years, n (%) (%)
n (%) n (%) n (%) n(%)

White

Cohort: 789 997 383 129 (48) 187 859 (24) 68 282 (9) 91115 (12) 52 329 (7) 7283 (0.9)

Cases: 14 693 7953 (54) 2981 (20) 994 (7) 1481 (10) 436 (3) 848 (5.8)
African American

Cohort: 62 408 25 647 (41) 13 904 (22) 5845 (9) 7750 (12) 8153 (13) 1109 (1.8)

Cases: 994 394 (40) 175 (18) 66 (7) 129 (13) 737 157 (15.8)
Hispanic

Cohort: 90 642 38 033 (42) 20232 (22) 8732 (10) 12188 (13) 10 287 (11) 1170 (1.3)

Cases: 1077 522 (48) 188 (17) 90 (8) 140 (13) 49 (5) 88 (8.2)
Asian

Cohort: 49 867 18 658 (37) 12 887 (26) 4607 (9) 4293 (9) 8870 (18) 552 (1.1)

Cases: 669 330 (49) 136 (20) 46 (7) 36 (5) 66 (10) 55 (8.2)
Native American

Cohort: 17 601 7678 (44) 4309 (24) 1956 (11) 2526 (14) 1002 (6) 130 (0.7)

Cases: 125 56 (45) 23 (18) 10(8) 24 .(19) 61(5) 6 (4.8)

* One observation per woman was randomly selected from all mammography performed between 1996 and 2002,

T We characterized each mammogram on the basis of the time interval between that test and that woman’s most recent preceding rest. The mammography intervals were
categorized into the following mammography utilization groups: 1 year (4~17 months), 2 years (18-29 months), 3 years (30—-41 months), and 4 years or longer (= 42
months). Asymptomatic women who were undergoing their first mammogram were categorized as “first screening” if the mammogram was obtained for screening purposes.
* Includes women who had no screening mammography (never screened), those who had their first mammogram at 55 years of age or older, and those who had not been
screened in the past 42 months.

§ Calculated by comparing white women with each group of nonwhite women. Comparisons were made between women in the entire mammography registry cohort and

between the subset of women with breast cancer.

| Women were categorized as “never screened” if the included first mammogram was performed to evaluate a breast symptom.

These data are a subser of the First Screening Mammography column.

virtually all women found to have breast cancer (assuming
that women with breast cancer received some type of diag-
nostic work-up). However, the consortium registries do
not capture women who have never undergone mammog-
raphy. Consequently, the mammography registry cohort
probably underrepresents the percentage of all women who
are truly inadequately screened. In comparison, the Breast
Cancer Surveillance Consortium includes virtually all
women with breast cancer (both those screened with mam-
mography and those who only underwent diagnostic mam-
mography); therefore, we believe the percentage of these
women who were considered “inadequately screened” will
more closely approximate the percentage of all women who
are truly inadequately screened.

Several widely cited studies have found that self-
reported annual or biennial mammography use within the
years of our study was quite high and that racial and ethnic
differences in mammography use have generally disap-
peared (24, 25). Previous research has shown that self-
reported data are prone to overstatement, particularly
among minority women (33-38). Our results are primarily
based on data from mammography facilities instead of
from patient self-reports, which may account for the dif-
ferences between our results and those reported by others.

We found indirect evidence of biological differences
across racial and ethnic groups. Differences in tumor grade
across racial and ethnic groups did not disappear after we
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accounted for mammography use (11, 13). African-Amer-
ican women had more high-grade tumors than white
women regardless of screening frequency; this finding is
consistent with clinical expectation. Mammography use
might not influence tumor grade (which reflects biological
differences), whereas delayed diagnosis (because of under-
use of mammography or delay in subsequent diagnostic
evaluation) affects size, stage, and lymph node status. The
differences in tumor grade are clinically important because
grade is an important predictor of breast cancer survival
(23).

Differences in biological characteristics of tumors,
mammography use, and access to and utilization of cancer
treatments all probably contribute to the observed differ-
ences in breast cancer mortality rates across racial and eth-
nic groups. Differences in access to care and use of breast
cancer treatment (7, 39), as well as response to similar
treatment (40), have been identified across racial and eth-
nic groups; therefore, improved adherence to recom-
mended mammography screening intervals may not elim-
inate all of the differences in breast cancer mortality rates
between nonwhite and white women. However, the stron-
gest predictor of breast cancer survival is stage of disease at
diagnosis (22). In addition, patients with breast cancer that
was diagnosed by screening mammography have better
long-term survival than those with tumors of the same
stage that were found by other means (41, 42). Improved
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Table 5—Continued

Women with First

Women Who Were
Inadequately

Relative Risk (95% CI)§

Screened, n (%)F Women Who Were F Value
Mammography at Frequently Screened
Age =55y, n (%M
11121 (1) 109519 (14) Referent -
254 (2) 2583 (18) Referent -
2462 (4) 11321(18) 0.90 (0.90-0.91) =<0.001
55 (6) 341 (34) 0.81 (0.77-0.85) =<0.001
2658 (3) 16016 (18) 0.90 {0.89-0.90) <0.001
27 (3 255 (24) 0.88 (0.84-0.92) <0.001
3208 (8) 8053 (16) 0.86 (0.85-0.87) =0.001
37 (6) 128 (19) 0.88 (0.84-0.93) =<0.001
245 (1) 2901 (16) 0.93 (0.92-0.94) <0.001
4(3) 34 (27) 0.86 (0.75-0.98) 0.022

Women Who Were P Value Women Who Were P Value
Never Screened Inadequately Screened

Referent - Referent -
Referent - Referent -

1.7 (1.6-1.8) =0.001 1.2 (1.2-1.2) <0.001
2.2(1.9-2.6) <0.001 1.6 (1.5-1.9) <0.001
1.6(1.5-1.7) <0.001 1.3(1.2-13) <0.001
1.6 (1.2-2.0} <0.001 1.5 (1.3=1.7) =0.001
1.3 (1.2-15) <0.001 1.4 (1.3-1.4) <0.001
1.8(1.4-25) <0.001 1.4 (1.2-1.7) <0.001
0.98 (0.82-1.16} 0.79 1.2 (1.1-1.2) <0.001
0.84 (0.39-1.84) 0.66 1.5 (1.2-2.0) 0.003

adherence to recommended mammography screening in-
tervals among African-American and Hispanic women
would probably reduce the prevalence of advanced-stage
disease and therefore translate into a reduction in breast
cancer mortality rates in these populations.

Over the past 2 decades, federal and state government
health agencies and private health care organizations (such
as the American Cancer Society) have striven to increase
mammography use. As a result, overall rates of mammog-
raphy use have increased (24, 25). In addition, outreach
programs have made efforts to increase mammography use
among underserved women. For example, the National
Breast and Cervical Cancer Early Detection Program
(which is run by the Centers for Disease Control and Pre-
vention) offers mammography to underserved women who
are 50 years of age and older. However, some minority
groups still do not seem to undergo regular screening
mammography. This is probably attributable to a combi-
nation of factors, including persistent financial barriers
(22), difhculty in accessing facilities that perform mam-
mography, and multiple personal and cultural reasons for
choosing not to undergo screening (43—47). Additional
work needs to be done to try to understand how to im-
prove outreach and provide screening to these women.

Rates of large, advanced-stage, high-grade, and lymph
node—positive tumors are important outcomes because
they are strongly associated with breast cancer mortality. In

www.annals.org

comparison, proportions of advanced-stage tumors are
more difficult to interpret because they may not account
for differences in mammography use and potential over-
diagnosis of nonpalpable lesions by mammography (15).
In this paper, we assessed cancer characteristics among sim-
ilarly screened women and evaluated rates of advanced dis-
case so that overdiagnosis would not be a confounding
factor. After we accounted for variations in mammography
screening, the proportion (data not shown) and rates of
advanced cancer were similar across all racial and ethnic
groups.

The main strengths of our study are its large size; its
geographic, racial, and ethnic diversity; and the detail and
objectivity of our data concerning mammography use,
breast symptoms, and cancer outcomes. Qur study also has
3 limitations. First, the participants all underwent mam-
mography within the Breast Cancer Surveillance Consor-
tium, and these women may not be representative of all
women. However, previous analyses have found that
women in the geographic regions included in the Breast
Cancer Surveillance Consortium are representative of
women across the United States (48), Second, we evaluated
the interval between each mammogram and the preceding
mammogram but did not evaluate each woman’s pattern of
mammography use over time. Third, information regard-
ing mammography use was based on most women’s actual
medical records; however, we relied on self-reports for the
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remaining women. Although this strategy may have intro-
duced some error in a woman’s mammography character-
ization, the discrepancy probably was not large or biased in
the direction to support our results. Overestimation of the
recency of mammographic examinations probably would
have attenuated our results. We did control for age and
registry but did not examine mammography accuracy or
how it might vary by race or ethnicity; this omission might
contribute to reported differences in cancer outcomes.
However, accuracy of screening mammography among
white women and African-American women (49) and
Asian women (32) has been reported to be similar. We did
not adjust for insurance status or socioeconomic status,
both of which are associated with mammography use.

In conclusion, frequency of mammography screening
correlates inversely with severity of breast tumor character-
istics at diagnosis. Furthermore, it seems that many women
do not undergo routine mammography. Increased adher-
ence to recommended mammography screening intervals,
particularly among never-screened or infrequently screened
women, may enable discovery of tumors before they have
progressed to an advanced stage and may result in de-
creased mortality rates.
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CONDENSED ABSTRACT (2 sentences):

This study found large differences by race and ethnicity in breast cancer
survival for elderly women; screening mammography, tumor severity, biology,
treatment, co-morbidities and demographics all contributed to these differences.
Controlling for these predictor variables reduced almost all of the difference
between African American and White women in the All stages analysis and
reduced, but did not eliminate, disparities when the analysis was limited to stage

11/l disease.

ABSTRACT (word count 289)
Background

The reasons for racial and ethnic differences in breast cancer survival have
been difficult to disentangle.
Methods

SEER-Medicare data were used to identify 41,020 women aged =68 years
with incident breast cancer between 1994-1999 including African American
(2,479), Hispanic (1,172), Asian/Pacific Island (1,086), and White women
(35,878). A Cox Proportional Hazards Model assessed overall and stage specific
(O/1, II/N1 and IV) racial and ethnic differences in breast cancer survival after
adjusting for mammography screening, tumor characteristics at diagnosis, biologic
markers, treatment, co-morbidity and demographics.

Results

African American women had worse survival than White women, although

controlling for predictor variables reduced the difference between African



American and White women among all stage breast cancer (HR 1.08, [95% CI
0.97-1.20]). Adjustment for predictors reduced, but did not eliminate, disparities in
the analysis limited to women diagnosed with stage Il/11l disease (HR 1.30, [95%
Cl 1.10-1.54]). Screening mammography, tumor characteristics at diagnosis,
biologic markers, and treatment each produced similar reduction in hazard ratios
for women with stage I/l cancers. Asian and Pacific Island women had better
survival than White women before and after accounting for all predictors (Adjusted
All stage HR 0.61, [95% CI 0.47-0.79]); Adjusted stage II/1ll (HR 0.61, [95% ClI
0.47-0.79]). Hispanic women had better survival than White women in All and
Stage Il/Ill analysis (All stage HR 0.88, [95% CI 0.75-1.04]); stage II/lll (HR 0.88,
[95% CI 0.75-1.04]) although these findings did not reach statistical significance.
There was no significant difference in survival by race and ethnicity among
women diagnosed with stage |V disease.
Conclusions

Predictor variables contribute to, but do not fully explain, racial and ethnic
differences in breast cancer survival. Future analyses should further investigate

the role of biology, demographics and disparities in quality of care.
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INTRODUCTION

Breast cancer is the most common cancer and the second leading cause of
cancer death among women in the US.[1] Although there has been an overall
reduction in breast cancer mortality rates in the United States since the 1990s,
most of this benefit has been experienced by White (W) women.[2] African
American (AA) and Hispanic (H) women remain more likely to be diagnosed with
poor prognostic breast cancers (i.e. late stage, large size, lymph node positive,
estrogen receptor negative) with AA women experiencing worse survival than W
women, a disparity that has increased rather than decreased over time.[3] In
contrast, Asian/Pacific Island (A/Pl) women tend to have better prognostic breast
cancers (i.e. early stage, small size, lymph node negative, estrogen receptor

positive) and better survival than W women.[4]

The reasons for the persistence of these racial and ethnic disparities have
been difficult to disentangle. Possible explanations include differences in
screening mammography leading to differences in the stage and size of tumors at
diagnosis[5, 6], tumor biology, inadequate receipt of appropriate breast cancer
treatment [5] and underlying patient co-morbidities and socio-economic factors.[7-

11]

A number of studies have used Surveillance, Epidemiology and End Results
(SEER) program information to explore these issues.[3, 4, 12-18] Although SEER

data include valuable regional information on a large, geographically diverse



population, it lacks detailed information on several important factors, such as
screening mammography use and underlying co-morbidities that may impact
survival.[19] This study aims to overcome these problems by using the combined
SEER-Medicare dataset to explore the contribution of screening, tumor
characteristics (i.e. stage, size, and lymph node status), biology, treatment type,
co-morbidities and demographics to R/E differences in breast cancer survival for

elderly women.



METHODS

Data source

Data were obtained from the SEER-Medicare database that combines clinical
information with claims information from Medicare, the primary health insurer for
97% of the US population aged 265 years.[19] SEER cancer registry data
includes information on cancer characteristics and treatment from 11 SEER sites
representing ~14% of the US population.[19] Medicare data include health
insurance claims data that allows assessment of measurements not possible in
SEER data alone, including mammography utilization, co-morbidities, and full

treatment.

Study Population

Our study population included all female Medicare beneficiaries diagnosed
with incident breast cancer between January 1, 1994 and December 31, 1999.
We limited the study to women with at least three years of Medicare enroliment
prior to their cancer diagnosis in order to assess the use of screening
mammography and the presence of co-morbidities, thus restricting the sample to
women aged 68 and older. Medicare does not receive claims for women enrolled
in HMO plans, making it impossible to assess the predictor variables in these
women. Therefore, we restricted the sample to women enrolled in Medicare’s Fee
For Service plans.[19] Similarly, mammography coverage is included as part of

Part B enrollment and women without Part B enrollment were excluded as we



could not assess mammography screening or outpatient treatment or co-
morbidities in these women.[19] Overall 17,364 women were excluded because
they had either HMO enroliment or Part B non-enroliment. A total of 41,020

women met inclusion criteria and were included in the analysis.

Variables

Age was calculated using SEER data and grouped into five categories (68-70,
71-75, 76-80, 81-85 and >85). Race and ethnicity was classified according to
SEER data as African American, Hispanic, Asian/Pacific Island, Other/Unknown
and White. The SEER ethnicity variable used to identify H women is based on a
surname-matching algorithm that has greater sensitivity than ethnicity recorded in
Medicare data.[20] Race in SEER data is determined from medical records and
registration information. The A/PI category represents Chinese, Japanese,
Filipino and Hawaiian women. The Other/Unknown category includes Native

American data that were not isolated due to small numbers.

Mammography Screening

Each woman was characterized based on her pattern of mammography
utilization in the 3 years prior to her breast cancer diagnosis.[21] Because most
women with a new diagnosis of breast cancer will undergo mammography around
the time of diagnosis, either as a screening examination or as part of the
evaluation of known or suspected cancer, we characterized a woman’s screening
history based on the timing of mammography before this peri-cancer

mammogram.[21] The intervals were categorized as within 1 year, 1-2 years, 2-3



years and >3 years (this category included women who had remote
mammography or no screening mammography prior to their diagnosis). Adequate
screening was defined as screening received within 2 years and inadequate
screening as screening received >2 years prior to the peri-cancer mammography,

or no screening prior to the time of diagnosis.

Tumor Characteristics at Diagnosis
Tumor characteristics were determined using SEER data and included
American Joint Committee on Cancer categories describing cancer stage (0-1V,

tumor size (mm) and lymph node status (positive versus negative/unknown).

Biological Measures

We assessed estrogen receptor status using SEER data as (1) positive versus
(2) negative (3) borderline (4) unknown and (5) none done.

Histological grade was characterized using SEER data as per the American

Joint Committee on Cancer categories as grade I-1V.[22]

Breast Cancer Treatment

Receipt of breast cancer treatment was determined using both SEER and
Medicare data.[5, 23-26] In cases of disagreement on the type of surgery the
most invasive surgery, i.e. mastectomy as opposed to lumpectomy, noted in either

SEER or Medicare was used. Categories included (1) breast conserving surgery



without radiation (2) breast conserving surgery with radiation (3) mastectomy and

(4) no surgery.

Co-Morbidity

R/E differences in co-morbidities may produce disparities in the use of
mammography screening and breast cancer treatment.[27] Co-morbidity was
measured with the Charlson co-morbidity index derived from Medicare inpatient

and physician/supplier claims.[28]

Socioeconomic Factors

Income was used as a marker of socio-economic status (SES) and was
obtained from SEER data using the median income of residence as recorded in a
woman’s ZIP code. The type of community a woman lives in may influence her
access to breast cancer services and was determined via SEER data using the
assigned metropolitan statistical area of (1) rural (2) less rural (3) urban (4)

metropolitan and (5) big metropolitan.[29]

Statistical Analysis

A Cox Proportional Hazards Model was used to determine time from breast
cancer diagnosis to cancer-specific death among all women with breast cancer
and stratified by stage at diagnosis (0/1, II/1ll, 1V). These groups were created
because we expected to see similar outcomes among women with stage 0/l and

stage |V disease (i.e. excellent prognosis for women with early stage, poor



prognosis for late stage disease) and different outcomes for women with stage

[I/1ll breast cancer.

The base model controlled for patient age and SEER site. Additional variables
were sequentially added to increasingly more adjusted models, including
utilization of screening mammography (adequate versus inadequate); tumor
characteristics including size (£15mm versus 216mm), lymph node status
(positive versus negative/unknown), stage (0/l versus Il/llIlI/IV, except in the stage
specific models) biological measures including grade (/I versus lll/IV) and
estrogen receptor status (positive versus negative), breast cancer treatment, co-

morbidities and demographic variables (income/community type).

We investigated the interaction between screening and age (age <75 years
versus >75 years) as screening for very elderly women is not routinely
recommended and the impact of screening on survival may vary by age. We also
investigated the interaction between screening and stage, as the impact of
screening on survival could matter differently for different stage disease. We
explored the interaction between stage and radiation to account for the fact that
radiotherapy for early stage 0/1 is not indicated. These potential interactions were
included in the model to account for differences in (a) the use of mammography

screening by age and stage and (b) appropriate use of radiation by stage.



Women with unknown R/E were included in the statistical modeling. All

analyses were conducted using SAS version 8.2.



RESULTS

A total of 41,020 women were included. Of these women, 6% (n=2479)
were AA, 2.7% (n=1086) A/PI, 2.9% (n=1172) H, and 87.5% (n=35,878) W (Table
1). 40.1% of the women were aged <75 years, with A/PI (54.1%) and H women
(46.4%) having a greater proportion of younger women compared to AA (41.4%)
and W women (40.0%). AA and H women had a greater proportion of women
living in areas with income levels <$30,000 (47% and 21% respectively)

compared to A/Pl and W women (5% each).

Overall, more than half of this cohort (58%) received inadequate
mammography screening with AA (64%) and H (68%) women being more likely to
be inadequately screened than A/PI (57%) and W (57%) women. African
American and Hispanic women were also more likely to have advanced and poor

prognostic tumors at the time of diagnosis.

AA women had the highest proportion of women who received no surgical
treatment (11.5% versus 8.2% H, 6.8% W and 3.3% A/PI) or who received breast-
conserving surgery without radiation (19.5% versus 15.8%W, 11.9% H, and

11.9% A/PI).

Cancer-specific mortality
Hazard ratios for cancer-specific death are provided in Table 2. The baseline

model adjusts for age and SEER site only, while the fully adjusted model adjusts



for mammography utilization, tumor characteristics, tumor biology, treatment type,
co-morbidities, and demographics. Results are presented for All stage Disease

and then stratified by stage (0/1, II/11l, V).

All Stages Results

For All stages of disease, AA women had a significantly higher risk of death
than W women at baseline (HR 1.63 [95% CI 1.48-1.80]), however this was
considerably reduced, and no longer significant (HR 1.08, [95% CI 0.97-1.20])
after full adjustment. H women had a significantly higher risk of death at baseline
(HR 1.24, [95% CI 1.06-1.486]), yet after full adjustment had a non-significant 12%
lower risk of death than W women (HR 0.88, [95% CI 0.75-1.04]). A/Pl women
had a 41% significantly lower risk of death than W women at baseline (HR 0.59,
[95% CI 0.35-0.77]) that changed very little after full adjustment (HR 0.61, [95% CI

0.47-0.79)).

Stage Specific Results

In the fully adjusted models for stage 0/1, only A/Pl women had a statistically
significant different risk of death than W women (HR 0.44, [95% CI 0.24-0.81]).
For all other groups there were no significant differences in stage 0/1 (AA HR:

1.19, [95% Cl 0.91-1.55], H HR 0.85, [95% CI 0.57-1.27]).

For stage II/lll, AA women had a 66% higher risk of mortality than W women at

baseline (HR 1.66, [95% CI 1.43-1.93]). While controlling for all variables reduced



the mortality risk substantially, it did not eliminate their increased hazard ratio
leaving a 30% increased risk after full adjustment (HR 1.30, [95% CI 1.10-1.54]).
H women had a non-significant similar risk of death at baseline (HR 1.07, [95% CI
0.84-1.36)] that reduced to a 10% non-significant lower risk of death with full
adjustment (HR 0.90, [95% CI 0.71-1.15]). A/Plwomen had a 37% lower risk of
mortality than W women after full adjustment (HR 0.63, [95% CI 0.43-0.93]),

showing little change from baseline (HR 0.69, [95% CI 0.46-1.10]).

There were no statistically significant differences by R/E for stage |V results.

Contributing Factors

Tumor severity accounted for ~1/3" (29%) of the mortality reduction from
baseline to full adjustment between AA and W women in the all stages analysis,
followed by screening (15%), treatment (5%), biology (4%), co-morbidities (2%),
and demographics (2%) (Figure 1). For H women, screening (16%) and tumor

severity (15%) accounted ~1/3™ of the difference.

For stage II/1ll results, screening mammaography (8%), tumor severity (6%),
biology (9%), and breast cancer treatment (6%) all produced a similar sized
reduction in the mortality difference for AA women (Figure 2). A similar pattern

was seen for H women.



It should be noted that the order the variables were placed in the model would
have effected the percentage reduction in hazard ratio attributable to each
variable. However, when we made changes in the order of the variables within

the model, we saw relatively little difference in the magnitude of effect.



DISCUSSION

This study found large differences by R/E in breast cancer survival for elderly
women. Screening mammography, tumor severity, biology, treatment, co-
morbidities and demographics all contributed to these differences. Controlling for
these predictor variables reduced almost all of the difference between AA and W
women in the all stages analysis and reduced, but did not eliminate, disparities in

the stage Il/1ll analysis.

In contrast, A/Pl women had a consistently better survival profile than W
women in all analyses that did not reduce with the addition of predictor variables.
This may be because there were no large differences between A/Pl women and
W women in the predictor variables measured. No statistically significant
differences in survival were observed between H and W women, although the
overall pattern shows H women having better survival than W women after full

adjustment in both all stages and stage Il/lll analyses.

All women diagnosed with stage |V breast cancers had a similar risk of death
regardless of R/E. This likely reflects the small number or women diagnosed with
stage |V breast cancers and the poor prognosis in this group. Mention state 0/1

here

Screening mammography is known to reduce the death rate from breast

cancer in the general US population[30] and disparities in screening



mammography have been shown to heavily contribute to R/E disparities in breast
cancer survival.[6, 31, 32] Our findings show persistent differences by R/E in the
utilization of screening mammography. These results are consistent with recent
reports[21, 33] and may be due to the persistent underutilization of mammography

in this elderly population.

Our findings show that, although the use of adequate screening will reduce
differences in survival between AA and W women, it will not eliminate them.
Despite not being the sole remedy, screening nevertheless remains important. It
is possible that if H women had greater utilization of adequate screening then their
risk of breast cancer death could drop further below W women as is seen for A/PI
women. AA differences in screening interval accounted for a considerable portion
of the mortality difference with W women. Addressing this disparity should

therefore reduce AA:W differences in breast cancer survival.[34]

Stage at diagnosis, the strongest predictor of breast cancer survival, is known
to contribute to R/E survival disparities.[4] Our findings support this hypothesis
given the importance of tumor severity in reducing mortality disparities between

AA and W women.

Biological markers (tumor grade, estrogen receptor status) are known to be
different between AA and W women, suggesting that they may also contribute to

differences in survival.[18] In this study, biological markers had an effect of



similar magnitude on survival results as did screening, tumor characteristics, and
treatment. In exploring the role of biology further, it is important to understand the
determinants of tumor biology given the ongoing debate as to whether biology
reflects genetic causes versus exposure to less favorable environmental

conditions.[35, 36]

We found persistent differences in treatment by race and ethnicity, with African
American women more likely to have poor quality treatment. Adjusting for
differences in treatment receipt reduced AA:W differences in survival. This finding
has been observed elsewhere and may reflect differential access to optimal care,
including receipt of adjuvant radiotherapy with breast conserving surgery.[21, 26,
37, 38] R/E disparities in access to optimal treatment, and therefore survival, may
reflect differences in healthcare access, regional variations, or a higher disease
burden.[5] However, our findings among a Medicare population accounted for
insurance type, SEER site, type of community, co-morbidities, and tumor severity

and still found differences.

Of note, co-morbidities and demographics contributed relatively little to overall
R/E differences noted. However, these factors could each act in a common
pathway to other factors as underserved/poor women are less likely to undergo
mammography.[39]. Because the exact contribution of each variable to the

reduction in hazard ratio remains dependent on the model order it is important to



consider these findings within the larger context that highlights a similar reduction

in hazard risk for screening, biology and treatment.

Despite the large number of variables considered in our model, there were
persistent differences in stage Il/1ll disease. Other untested hypotheses should
be considered, particularly the possibility of R/E differences in the timeliness and
quality of breast cancer care.[40] Reasons for these differences may reflect the
patient-physician relationship, patient preferences and/or institutional and
interpersonal racism across healthcare service provision.[40-42] Differences in
quality may occur in some contexts more often than others, partially explaining
why AA:W differences persist within stage 1I/11l only.[40] For example, R/E
differences in the quality of breast cancer care are unlikely to occur when all
women are expected to do well or less well i.e. early and late stage but become
unmasked in situations where timeliness and quality are more likely to effect

outcomes, i.e. stage Il/lll cancers.

Strengths and Limitations

Due to small numbers of mortality events, we chose R/E categories that
represented aggregates of unique sub-populations that may mask disparities
within each category. This is of particular concern for Native American, A/Pl and
H categories because sub-groups within these categories (i.e. Hawaiian, Mexican,
South/Central American, Puerto Rican) have greater breast cancer mortality and

poorer survival than W women.[4, 43]. The potential for underserved sub-groups



within the African-American population also exists with Caribbean women having
a different screening profile than other women identified as AA. [44, 45] Future
analyses should disaggregate the R/E categories so that we can better

understand these findings.[11, 43]

The use of aggregate based measures to assign individual socio-economic
status is suboptimal.[20] However, aggregate measures of income at the
community level remains valuable as community-level predictors of SES have
been shown to be a strong predictor of health care services and health outcomes
for all individuals living in that community (both high and low income).[46] Our
population all have health insurance and we expect that the importance of

demographics may differ in a less insurance homogenous sample.

Data on chemotherapy use was incomplete, and quality indicators such as
timeliness are difficult to measure within the SEER-Medicare database.[19]
Additional biological markers were not available, i.e. HER2 status, CYP1A1, P53
mutations, although there is no conclusive evidence of marker differences

between AA and W women.[9]

This analysis improves on studies using SEER data alone as a more accurate
assessment of screening exposure was used (rather than self report that

overestimates exposure), and co-morbidity and treatment information were



included.[21, 47, 48] This study therefore responds to calls in the literature for

analyses that include these variables.[7, 9, 10, 36, 49]

Conclusion

Understanding the reasons for R/E disparities in breast cancer survival
remains complex. Despite the complexity, there are still areas in which health
policy should clearly intervene. Enough evidence now exists such that policy
initiatives should urgently be applied to improve access to adequate screening for
AA and H women and increase access to appropriate treatment for AA women in
particular. Further multidisciplinary investigation into the role of biology,
demographics and potential disparities in quality of care are required in both

young and elderly cohorts of women.
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Tables and Figures
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Figure 1.

Figure 2.

Comparison of various characteristics among 41,020 women with
breast cancer by R/E, 1994-1999.
Footnote:

k =x$1000

Hazard ratios of cancer-specific mortality after breast cancer
diagnosis by stage and R/E, 1994-19909.

Footnotes:

All analyses include the Unknown R/E category.

Figures in bold are statistically significant

Risk of cancer-specific death by R/E for all women i.e. all stages,

1994-1999.

Risk of cancer-specific death by R/E for women with stage 2/3

breast cancers at time of diagnosis, 1994-199





